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Executive Summary

Process Description

VERTAD™ is an aerobic, thermophilic, biological, digestion process performed in a 350-foot
deep vertical reactor. The process produces a Class A biosolids product with desirable thickening
and dewatering characteristics. The process requires electrical energy for aeration and produces
hot water as a byproduct. It has been demonstrated at pilot scale to have beneficial synerg15t1c
effect when linked in series with mesophilic anaerobic digestion.

Primary Conclusions of Evaluation

1. VERTAD™ linked in series with mesophilic anaerobic digestion is the least cost alternative
of the Class A solids processes considered in this study.

2. The digested biosolid product from VERTAD™ has a high potential for development of a
local urban market, which would significantly reduce the cost of biosolids management. The
product has a high fiber content compared to typical biosolids.

3. VERTAD™ has a similar net energy demand compared to Class A temperature-phased,
anaerobic digestion.

4. The evaluation results indicate that the VERTAD™ technology merits the further testing
needed to refine and expand the performance information that has been developed to date.

Primary Recommendations

1 It is reccommended that the County conduct additional testing using the existing
demonstration facility. This effort should focus on:

a) Thickening the digested product using the Sulfuric Acid Flotation Thickening method.

b) Dewatering with equipment that has demonstrated excellent performance with high fiber
solids.

¢) Dewatered product quality for local urban use, including transformation by short term
composting.

d) Performance of linked VERTAD™ and mesophilic anaerobic processes.

2 The VERTAD™ technology merits consideration for full-scale implementation at both the
South Treatment Plant and the proposed new North Treatment Plant.



Demonstration and Evaluation
of

VERTAD™
Aerobic Thermophilic Digestion Process

Section 1

Summary

The King County Department of Natural Resources has supported research and demonstration of
wastewater treatment methods that have the potential to provide:

1. A smaller process foot print for solids handling facilities
2. Better control of odorous emissions
3. Reduced biosolids product hauling truck traffic

The objective of this investigation was to construct and operate a VERTAD™ reactor for the
purpose of digesting mixed primary and secondary wastewater treatment solids using the aerobic
thermophilic digestion process. The 350-foot deep VERTAD™ reactor has the ability to
efficiently transfer large quantities of oxygen and to circulate and mix thickened wastewater
solids. The process provides Class A Pathogen reduction and a stable biosolids product in a
much smaller area than required by conventional digestion technologies. The study results
include an economic analysis of the technology in comparison to other technologies being
considered. This report provides an assessment of the development and performance of the
VERTAD™ process through the initial investigation project. The findings of this evaluation are
provided in the following summary.

VERTAD™ is a proprietary process for aerobically digesting wastewater solids with heat as a
primary byproduct. The biologically generated heat allows the process to be operated at
thermophilic (45-65°C) temperatures with no external heat source. Thermophilic temperatures
speed the biological degradation process and provide compliance with the Class A biosolids
criteria established by 40 CFR 503 and implemented in WAC 173-308.

Through sponsorship by the King County Department of Natural Resources, a demonstration
facility was constructed, operated, upgraded, and operated again to demonstrate the performance
of the VERTAD™ technology.

The facility consists of a 20-inch diameter by 350-foot deep reactor with a head tank that provides
5,535 gallons or 740 cubic feet of processing capacity. The facility can process 700 Ibs of
volatile solids per day or the equivalent to solids from a treatment plant processing 0.5 MGD of
sewage. This would be typical loading from a community of 3,800 people. The demonstration
unit required supplemental heat from a boiler to sustain thermophilic temperatures. This was due
to the large surface area contributing to heat loss relative to the heat generating solids volume. In
full-scale applications involving smaller diameter reactors such as this demonstration unit, the
ground surrounding the reactor casing would be insulated, thereby preventing excessive heat

Vertad Final.doc 1
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losses. Excess heat would be generated from an uninsulated reactor with a four-foot diameter or
greater.

The demonstration tests determined that the VERTAD™ process can produce a biosolids product
that is Class A and dewaters to 30 percent total solids with a relatively low polymer dosage.
These performance characteristics convert to significant cost reductions for dewatering and
biosolids management relative to the current technologies and utilization program.

Concurrent tests completed by the University of Washington indicate that VERTAD™ product is
digested very effectively by anaerobic digestion. This combination has the potential to optimize
the performance of both processes to yield a lower cost processing method.

The economic analysis indicates that:

e The most cost-effective approach for using VERTAD™ is in combination with anaerobic
digestion in order to produce a Class A biosolids product.

e VERTAD™ digestion alone is also a viable, although more costly, method of replacing
anaerobic digester capacity at the West Point Treatment Plant and thereby reducing the
digestion footprint. .

° VE'RTADTM is a cost-effective method of providing Class A biosolids processing at the South
Treatment facility.

e VERTAD™, combined with a reduced capacity anaerobic digestion system is an
economically feasible method of providing digestion and Class A product for the planned
North Treatment facility.

» The process also has potential for use in processing source separated food waste as part of the
County's organic waste management efforts.

Based on results of the process testing program and the economic analysis, it is recommended
that continued evaluation of the VERTAD™ process be undertaken focusing on three critical
aspects:

1. VERTAD™ product dewatering

2. Anaerobic and VERTAD™ process linking

3. The potential market for local usage of a Class A dewatered VERTAD™ blosohds
product

Vertad Final.doc ' 2 '
#30920 : 05/11/01



1.1 Findings About VERTAD™ Economic Feasibility

A cost analysis was performed as part of this evaluation. The alternatives selected for
comparison were based on the results of the demonstration testing program and on studies
currently under way by the County to evaluate digestion processes suitable for use at each of the
three regional treatment plants. Specific alternatives have been evaluated for each of the three
facilities. Section 3 of this report provides a complete review of the cost effectiveness of using
the VERTAD™ technology at each treatment plant. In general, VERTAD™ was found to be a
viable digestion technology for use at both the South and North Treatment Plants. VERTAD™
could be used to reduce footprint at the West Point Treatment Plant, but at substantial cost.

The basic economic contrasts between the alternatives can best be summarized by using data for
the North Treatment Plant. Since this is not an existing facility, the altematives can be compared
without cost effects from use of existing features.

The economic analysis considered five basic altemative digestion process configurations:

Anaerobic Processes:
Mesophilic (Anaerobic Base Case) — Traditional anaerobic digestion as currently
practiced at the South and West Treatment Plants.
Thermophilic Class A — Anaerobic digestion in the thermophilic temperature range with a
high temperature holding tank as required to produce a Class A product.

VERTAD™ Processes: .
Concept 1 (NP1) — Provide full digestion (>40 percent solids reduction) in VERTAD™,
then provide additional digestion in an anaerobic digester with reduced detention time.
Concept 2 (NP2) — Provide the minimum detention time needed to meet Class A
requirements in VERTAD™, then complete digestion in anaerobic digesters.

Concept 3 (NP3) — Provide full digestion in a VERTAD™M reactor.

The cost analyses for the five altematives include capital costs (digestion and centrifuge
dewatering facilities), operating costs (energy, labor, chemicals, and biosolids distribution), and
maintenance costs.

The costs for the anaerobic processes at the planned North Treatment Plant are based on estimates
prepared by Brown and Caldwell for an additional digestion facility at the South Treatment Plant
(South Treatment Plant - Enlargement III, Solids Treatment Enhancements - Alternatives and
Recommendations, Task Report 740030, September, 2000). The VERTAD™ process
alternatives were based on capital cost estimates provided by NORAM, and operation and
maintenance costs for South Treatment Plant from the Brown and Caldwell report. The present
worth of these costs was calculated for each alternative based on 17 years of operation to be
consistent with the Brown and Caldwell report. An analysis of the sensitivity of the projected
costs to changes in the assumed operating and capital costs was also conducted. The results are
summarized in Graphics 1-10.

Using these five alternatives for the proposed North Treatment Plant, the differences between the
processes become apparent.

Vertad Final.doc ‘ 3 :
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Graphic 1 provides a comparison of the capital cost estimates for the five alternatives. The costs
for the digestion and dewatering facilities associated with each altematives are shown. All
altematives except NP3 (VERTAD™ digestion) have the same capital cost for dewatering
facilities. NP3 produces more solids which results in higher cost. The lowest digestion costs are
for the anaerobic processes and NP3. The combined anaerobic and VERTAD™ systems have
higher capital costs.

Graphic 1: Capital Cost Comparison
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The results of the operation and maintenance cost comparisons give very different results than the
capital cost comparison. The primary factors that resulted in lower operating costs for the
VERTAD™ alternatives were related to energy value, polymer demand, and biosolids
production.

Vertad Final.doc 4
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Graphic 2 shows, for each alternative, the anaerobic digester gas production, its demand for
digester heating and the excess that is available for use elsewhere. The energy available in the
form of hot water (a lower value fuel than gas) is also shown. Comparing gas energy produced
by the alternatives with only anaerobic digestion (anaerobic base and Class A) against the
alternative with VERTAD™ only (NP3) indicates that the anaerobic processes produce more
energy and in a higher value form. However, a significant fraction of the energy produced in the
anaerobic only alternatives is needed to heat the digesters. By combining the VERTAD™ and
anaerobic processes in altenatives NP1 and NP2, the resulting available energy is increased
above the anaerobic processes because the hot water produced by VERTAD™ is used to heat the
anaerobic digesters. Similar amounts of excess energy are available from these two alternatives,
but the excess gas energy produced by alternative NP2 has higher value.

Graphic 2: Gas and Hot Water Energy
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Dewatering is another primary differentiating factor. Graphic 3 shows the polymer demand for
each of the alternatives. Dewatering performance tests on VERTAD™ product have indicated a
significantly lower demand than experienced for anaerobic product. The polymer demand for the
alternatives reflects a lower polymer demand and differences in volatile solids reduction between
alternatives.

Anaerobic Base Anaerobic Class A NP1 NP2 NP3
Alternatives
Vertad Final.doc 6
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Biosolids production rates determine the cost for haul and application. Graphic 4 shows the effect
of volatile solids reduction on the dry solids produced by each altemative. The quantity of dry

solids is a direct reflection of the volatile solids reduction. The wet tonnage production shown on
the same graphic reflects the dewatering effectiveness for the solids produced by each altemative.

Graphic 4: Biosolids Production (Tons per Year)
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The effects of gas production, dewatering and haul and application together with all other factors
provide the basis for the estimated total operation and maintenance costs presented on the
following Graphic 5. The alternatives with the lowest operating costs combine the benefits of
anaerobic and aerobic processes.

Graphic 6: Operation and Maintenance Cost Comparison ($/year)
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Graphic 6 shows the present worth cost estimates for each of the alternatives. The present worth
was calculated for the first 17 years of operation and added to the capital cost estimate. The
present worth costs of capital are shown to be greater than the cost of operation and maintenance,
and are therefore more influential in determining the alternative with the least present worth cost.
The Class A anaerobic system and the VERTAD™ based altemnative NP2 have essentially the
same low total present worth cost, with NP2 having higher capital cost and lower operation and
maintenance cost.

Graphic 6: Present Worth Cost Comparison (1046$)
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The anaerobic base case cost has the lowest present worth cost, but is the only altemative that
does not provide a Class A product.
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1.2 Cost Sensitivity Analysis Results

A cost sensitivity analysis was completed to evaluate the impact of changes in design criteria and
costing assumptions on the cost estimates. Graphic 7 shows the cost sensitivity comparison
results that produced the greatest increase in operation and maintenance costs. Reducing the cake
solids concentration assumption for the VERTAD™ altematives from 30 percent to 24 percent
TS resulted in increased costs by from $110,000 to $180,000 per year. A 30 percent increase in
the oxygen demand per volatile solids removed also increased the cost of VERTAD™ operations.
An increase in the cost of energy also had a major impact on costs. The assumed increase was
100 percent for electricity cost and 20 percent for all other energy costs and values. Mesophilic
anaerobic digestion, which processes a Class B biosolids product, was least impacted by
increased energy costs. Among the Class A biosolids producing alternatives, the altematives with
full digestion in the VERTAD™ reactor had significantly higher net energy costs than Class A
anaerobic digestion or the short contact VERTAD™ linked with anaerobic digestion.

Graphic 7
Cost Sensitivity Analysis - O&M Costs
Alternatives with Increased Cost Impact
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Graphic 8 shows the effect of two changes that significantly reduced costs. The largest impact
resulted from assumed reduced haul and application cost associated with local use of Class A
products. This is a potential cost savings and requires the availability of market capacity for
Class A material.

The market for Class A VERTAD™ product will need to be verified through additional analysis.
The potential savings that may be available from optimizing the VERTAD™ process are also
significant. Because of the level of development of the VERTAD™ process, relatively
conservative assumptions have been made about performance. If performance levels
demonstrated during testing can be shown to be reliably and consistently accomplished, then the
cost of VERTAD™ operations will be significantly reduced.

Graphic 8
Cost Sensitivity Analysis - O&M Costs
Alternatives with Reduced Cost Impact
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Graphic 10 shows the same effect on present worth that was indicated for operational costs. Both
the production of Class A solids and operating at VERTAD™ optimum performance would have
a significant impact on present worth costs.

Graphic 10
Cost Sensitivity Analysis - Present Worth Costs
Alternatives with Reduced Cost Impact
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The sensitivity analysis indicates that several factors do not significantly impact the alternative
cost comparison including operating labor costs, reduced volatile solids reduction in VERTAD™,
and reduced gas production in VERTAD™ linked anaerobic systems. The analysis also shows
that the primary focus for future consideration and evaluation of the VERTAD™ technology
should be directed toward:

1. Dewatering

2. Markets for Class A product

3. Optimizing VERTAD™ performance

4. Refining costs for anaerobic digestion and VERTAD™ reactor placement

These factors should be investigated further prior to implementing any VERTAD™ based
treatment plant improvements.

1.3 Performance And Economics Of The VERTAD™ Technology

VERTAD™ technology has been demonstrated to be a viable option for King County. Several
attractive options for utilization of this technology by the County are available and appear to be
technically feasible based on the information gathered to date. The process can perform as a
stand-alone process, in sequence with anaerobic digestion (either mesophilic or thermophilic), or
in combination with the Centridry process. In all cases the product will be Class A.
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Graphic 9 shows the effect of changes that most significantly increase the present worth cost of
some alternatives. The greatest impact results from a change in the capital cost of anaerobic
digestion. A significant cost increase would also be experienced from an increase in the cost of
installing a VERTAD™ reactor. Energy costs and VERTAD™ dewatering effects show the
same impact previously discussed for operational costs.

Graphic 9
Cost Sensitivity Analysis - Present Worth Costs
Alternatives with Increased Cost Impact
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1.4 Findings About VERTAD™ Process Performance

The VERTAD™ process was demonstrated to produce a Class A biosolids product at a three to
four day detention time. The following graphic shows the time and temperature requirement
from the regulation. VERTAD™ would likely operate at about a 60°C temperature, which
requires five hours of assured contact time.

Figure 1-1:
40 CFR 503 Class A Time and Temperature Requirements
for Solids Less Than 7%

- r—ay ] I 1 I

L4 [ i
— = \ E—1 1
e ™% I |
N 1 |
\ At h
[ ~
\.l
g = \ [e—<TWsads |
~ & |85s than 30 minutes
g T
‘“’I 3
)
\ T34
010 | =
51 58 59 a0 a1 .73 a3 a4 a5 o8 ar 68 -] T n T2 T3 T4

Required Temperature (oC)

The biological population operating in the conditions established by the VERTAD™ process has
demonstrated reliability and resistance to upset during testing to date. Recovery from interruption
of feed and supplemental heat has been consistently observed to occur within less than a day.

The VERTAD™ process provided approximately 38 to 43 percent volatile solids reduction and
approximately 35 to 48 percent chemical oxygen demand (COD) removal in a four day detention
time at a 60°C average operating temperature. Oxygen transfer efficiency was measured at 30
percent to 62 percent during testing.

The process has the potential to greatly reduce the footprint required for digestion compared to
anaerobic digestion.

Large scale (greater than four-foot diameter) VERTAD™ reactors operating at a four day
detention time on thickened feed will generate excess heat recoverable as hot water that can be
used for space heating and for digester heating in linked anaerobic systems.

Bench scale testing indicates that the VERTAD™ product dewaters significantly better than
anaerobic product, and if pre-float thickened, requires less polymer.
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1.5 Findings About Test Facility Performance

Operations during the first two test series indicated the need for more sophisticated control and
monitoring capabilities than was originally anticipated. Improvements were made to level
sensors and controls in the process tanks and the data collection system was automated. These
improvements allowed demonstration of the potential usefulness of the technology for King
County during the third test series. Additional improvements before the last test series provided
more reliable heat addition, improved mechanical and electrical reliability and remote monitoring
and data collection capabilities. Improvements to the demonstration facility have improved the
reliability of the facility and the performance data generated. However, despite the improvements
made to date additional changes will be needed before additional testing should proceed.

1.6 Findings About Additional Testing Needs

The combined results of the performance testing and cost estimates that have been developed
during this evaluation indicate that any further evaluation of the technology should focus on three
primary areas:

1. Dewatering of the VERTAD™ product for the following configurations:
a) VERTAD™ followed by sulfuric acid flotation thickening (SAFT)
b) VERTAD™ followed by SAFT followed by anaerobic digestion (mesophilic and
thermophilic)
¢) Anaerobic digestion (mesophilic and thermophilic) followed by VERTAD™
followed by SAFT

2. Linked anaerobic and VERTAD™ process configurations

("5

Class A product market potential should be evaluated to determine how much Class A
product could be used locally. Development of a local market for Class A product would
dramatically reduce hauling and utilization costs.
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Demonstration and Evaluation
of
VERTAD™ |
Aerobic Thermophilic Digestion Process
Section 2

Technology and Demonstration Development and Demonstration
Facility Performance

This section of the report provides background information of the VERTAD™ process and development
of the demonstration facility. The discussion then proceeds to describe the demonstration facility, the
testing plan and the results of the facility operations performance.

2.1 Technology Development History

The VERTAD™ process has evolved from the Vertically Oriented Aerated Pressure Cycle Bioreactor
developed by ICI in Great Britain. The technology was initially developed for the aerobic fermentation of
methanol for single cell protein concentration. Researchers recognized potential benefits from using the
technology for wastewater treatment. The deep reactor technology was first used for wastewater
treatment as an activated sludge process in 1974. The North American rights to the technology were
licensed to CIL, Inc. in 1975. CIL continued development of the technology. Full-scale facilities using
the technology for activated sludge were constructed in Great Britain, Canada and Japan. The technology
was sold to Simmons Group of Calgary in 1986. Simmons participated in the installation of the first full-
scale facility in the United States at Homer, Alaska in 1990. Simmons developed the VerTreat (activated
sludge) and VERTAD (aerobic digestion) technologies during the early 1990°s. A proposal to test the
technology was submitted to the Municipality of Metropolitan Seattle in 1993, which resulted in the
project that is the subject of this report. A full-scale facility using both technologies (activated sludge and
mesophilic aerobic digestion) was recently completed for use by Chevron in Bumaby BC. Rights to the
VERTAD™ technology was acquired from Simmons by NORAM Engineering and Constructors Ltd. in
September 1998. :

The proposal to implement a demonstration project of the VERTAD™ aerobic thermophilic digestion
was accepted in 1994. Prior to project initiation the County conducted an assessment of the potential for
earthquake damage to a deep reactor. The study concluded that damage to the reactor would likely be
less than to surface tankage (Ref. 3). No potential negative impacts on groundwater were identified.
Construction of the demonstration facility was begun with drilling and installation of the reactor in
October of 1996. Construction of the facility was completed in December of 1997. Start-up began on
January 15, 1998 with operating conditions first achieved on January 21, 1998. Facility refinements
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delayed the first intensive test period until April 1998. The first operating period consisting of two tests
was completed May 6, 1998. Additional facility changes were made prior to the third operational test,
which was completed on December 17, 1998. Additional changes were completed in late July 1999. The
latest series of operational tests were completed on Dec. 20, 1999.

The VERTAD™ technology is designed to be a simple, reliable and cost effective method for providing
stabilization of thickened wastewater solids. The VERTAD™ demonstration project is supported by’
King County’s Technology Assessment Program (TAP) (formerly called Applied Wastewater
Technologies Program (AWT)). TAP is a research program with the objective of evaluating and testing
technologies to reduce the environmental impacts of treatment plant operations. Specific objectives of the
TAP program include reducing:

1. The space required by solids handling.
2. Biosolids truck traffic.
3. Odor emissions.

The project team led by E&A Environmental Consultants, Inc. (E&A) was responsible for the planning,
design, construction, and initial operational testing of the facility. The technology owner, NORAM
Engineers and Constructors Ltd. (NORAM), is actively involved in all aspects of the testing program.
The County has provided engineering, operations, and maintenance support throughout the project.
Following initial testing, the facility was tumed over to the County. All subsequent modifications to the
facility have been completed by the County.

The primary objectives of the initial testing program were to evaluate:

1. The VERTADT™ reactor with regard to hydraulics, oxygen transfer, and energy balance.
2. The capability of the process to stabilize the solids, provide compliance with the Vector
_ Attraction Reduction and Class A pathogen requirements of 40 CFR 503 and Washington
Administrative Code 173-308.
3. The process loading and detention times that will provide dewatered solids quantities comparable
with current County facilities. ‘

The anticipated digester detention time of two to eight days would represent a significant reduction in
processing volume compared to the anaerobic mesophilic digesters currently used at King County
treatment plants. The reduced detention time together with the vertical subsurface construction has the
potential to dramatically reduce the space required for solids stabilization.

This space conserving technology for production of Class A biosolids uses basic biological treatment
concepts that are already familiar to wastewater treatment operators. The test facility is actually a small
full-scale test facility consisting of a 20-inch diameter by 350 foot deep sealed reactor tube (capacity
estimated at 500 to 2,000 Ibs. of solids per day) together with support appurtenances.

This technology is believed to have the following benefits:

Provides a Class A biosolid product (40 CFR 503.32 Alternative 1)

Vector attraction reduction (VAR) by reducing the volatile solid content by 38 percent
Flotation thickening using dissolved gases in the product

Dewatering to high solids content with low polymer demand following flotation thickening.
Minimal footprint requirement

Highly efficient (low energy demand) oxygen transfer

Enhanced microbiological degradation due to efficient, high energy mixing
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* Construction using conventional well drilling equipment or common mining techniques for large
.diameter reactors.

* Low volumes of process air delivered by efficient compressors

= Simple open pipe aeration device requires no maintenance

* Contained low volume off gas that is treatable for odor reduction

2.2 Demonstration Facility Construction and Improveménts

The facility is located at the South Treatment Plant (STP) operated by King County in Renton, WA. The
STP is a 125 MGD facility with primary clarification, activated sludge, dissolved air flotation thickening,
anaerobic digestion and belt press dewatering. A summary of the design features for the VERTAD™
facility is provided on Table 2-1. The key component of the facility is a reactor constructed in a 350-foot
deep, 20-inch diameter vertical tube. Some features of the test facility have been modified during the
testing period. This description covers the initial test unit. Changes will be described. The reactor tube
was placed by conventional drilling technology using the dual air rotary drilling method. Subsurface
geology found during drilling consisted of 110 feet of coarse sand and gravel alluvium above a bedrock of
siltstone and shale for the balance of the depth. There were indications of flowing water above the
bedrock. Groundwater levels in the area are known to be 10 to 18 feet below the surface.

| Table 2-1 VERTA”DN Demonstratlon Pro;ect Fac:llty Des1gn Summary _ Wwi
[ 0 N e Rt R ST R S i P ZENIAL, G SN o S AAB AL BB A S s & i
3 Inﬂuent Characteristics Value

Influent Thickened mumc1pal biosolids gz

Loadmg : 300 to 1,500 Ib. solids/day i
% Solids Concentration 6.5% ‘
A VSS ' _ 178 -80% . 3
1] Primary Sludge . 60% |
HWAS : A40% ’ :

#] Temperature 20-21°C
 Biofilter treatment - building exhaust , 800 cfim

t| Biofilter loading rate 5 cfm/sf

| Feed Rate @ 3 dav HRT 1,770 gallons/day

@ 6 day HRT 889 gallons/day

Equipment Inventory

Y VERTAD™ BIO-REACTOR

3 Casing 1 @ 20 in. dia by 350 feet deep
Draft tube 1 @ 10 in. dia by 143 feet deep
Extraction 1 @ 3 in. dia by 347.5 feet deep

VESSELS

Feed Tank ‘| 1 @ 60 in. dia by 72 in high
Digester Head Tank 1 @ 60 in. dia by 72 in high
Purge Water Tank 1 @ 38 in. dia by 48 in. high

Aeration Compressor 87 scfin, 150 psi, 25 HP
Feed Pump : 1-10 gpm, 50psi, 3 HP
Purge Water Pump : 20 gpm, 26 foot TDH, 5 HP

740 cf
30 cf

Reactor Volume

The reactor surface feature is a five foot diameter tank (head tank) operating at a pressure of 3 to 5 psi.
Figure 2-1 is a process and instrumentation drawing for the test facility. Figure 2-2 shows the floor plan.
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The reactor is divided into sections in which thickened wastewater solids being processed are first
circulated in an upper complete mix zone (surface to 160 feet depth). Flow in this zone is induced with
an air-lit pumping action by injecting air into the reactor and circulating down through a 10 inch
diameter tube and up through the annular space. Photo 1 shows the top of the downcomer and annular
space during construction.

Photo 1: Downcomer Supported on Reactor Flange
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The second section is designed for plug flow while being aerated from the bottom of the zone (160 to 315
foot depth). The mix is saturated with oxygen in this zone which experiences pressures of 5 to 10
atmospheres. The final “soak” zone (315 to 350 foot depth) is designed for plug flow without aeration.
The biomass utilizes the residual oxygen from the lower aerated zone as it passes through this final
degradation and pathogen control zone. The reactor is completely sealed to prevent impacts on
groundwater. Photo 2 shows the building that houses the facility and the biofilter. The rotary screw
compressor is at the left side of the building. The boiler had not been added at the time this picture was
taken.

Photo 2: VERTAD™ Facility

The support equipment for the reactor includes a thickened solids (THS) supply loop, feed tank, feed
pump with variable frequency drive, purge water system, compressor, steam boiler, programmable logic
controller (PLC), and biofilter. The batch product withdrawal and feeding cycles are fully controlled by
the PLC. The THS supply loop provides a continuous supply of fresh solids (60 percent primary and 40
percent secondary) from the ESRP solids system storage tank. The 78 cf feed tank provides back pressure
to the head tank, captures foam from the process and accepts steam for supplemental heating of the feed
stream. THS enters the feed tank on a batch basis controlled by float switch level sensors. The 10 gpm
variable flow feed pump batches feed to the reactor on a programmed schedule. The quantity fed with
each batch is set with differential pressure level sensors in the head tank. Product is withdrawn from the
bottom of the reactor through a three inch diameter extraction line. To prevent clogging between batches,
purge water can be held in the extraction line between withdrawals. In this mode, the purge water is
transferred to a 17 cf purge tank. Following product discharge the purge water is pumped back into the
extraction line. Process air is injected at two elevations. The upper and lower aeration heads are 158 feet
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and 319 feet below floor level respectively. The aeration headers and extraction line assembly prior to
installation is shown on Photo 3.

Photo 3: Extraction and Aeration Line Assemblies with Aeration Headers
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The aeration headers supply the air needed to supply oxygen for the reaction and to mix the contents of
the reactor. Air that is not dissolved results in bubbles which create voidage (volume of bubbles per unit
volume of water). Photo 4 shows the aeration bubbles rising at the head tank periphery and flow moving
toward the downcomer.. The float switch stilling well is in the center left, and the extraction line and
feed line are on the right. The air lines are just above the stilling well

Photo 4: Reactor Internals with Aeration and Circulation

Aeration is provided by a continuous duty, rotary screw compressor. The unit provided requires 25 HP
to produce 87 scfm @ 150 psi. The initial steam boiler provided a maximum of 80,000 BTU per hour of
steam heat to supplement the process’s biological heat production. The boiler was provided rather than
equipment to recover heat from the product. Sensors provide continuous recording of temperatures at
150, 170, 220, 270, and 330-foot depths in the reactor. The test facility is housed in a temporary building
that is provided with utilities and building air and off-gas collection and processing through a biofilter.

Because voidage in the reactor liquid column creates lower fluid density in the column than the liquid in
the extraction line (which does not contain bubbles and is denser), special design consideration is needed
to induce product flow through the extraction line. To force flow through the extraction line, the pressure
in the annular space must exceed the hydrostatic pressure in the extraction line plus any head losses due to
flow. Flow in the extraction line is induced by using a weighted check valve to create an additional 1-5
psi of head tank pressure. This allows the upper and lower zone voidage head to be 12-24 feet. Normally
the lower zone contains relatively little voidage (6-12 ft.) because the bubbles are under 5-10 atmospheres
of pressure. The upper zone voidage has been reduced by circulating large amounts of degassed head
tank liquor through a 158 ft. long recycle pipe suspended in the center of the upper reactor. The upper
zone voidage, despite the much larger volume of air due to the lower upper region pressure, is also 6-12
feet.
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Extraction line flow can also be created by injecting air into the extraction line through the air lift
injection port provided at the 240 ft. level. Using airlift can reduce or eliminate the need for head tank
back pressure. The use of airlift, however, prevents monitoring of dissolved oxygen of the effluent
stream and voidage changes (circulation changes) within the reactor.

Excessive heat loss has been a continuing problem for the process. The reactor was not insulated and has
a high surface area to volume ratio, which facilitates heat transfer to the environment. Flowing water was
identified in three zones during drilling. Water moving past the reactor can remove substantial heat. To
compensate for heat loss to the environment, reactor feed was initially preheated via steam injection using
an 80,000 btu/hr. propane-fired steam boiler. After the 1999 improvements a hot water propane boiler
and heat exchanger loops installed in the reactor shaft were used to supply supplemental heat.

Experience from the initial test periods indicated the need for improvements to the process control and
monitoring equipment. [n addition to the new boiler, improvements installed in 1999 included:

= [Installation of differential pressure level sensors in the head and feed tanks

= Direct monitoring and logging of the temperature, steam valve status and levels in the feed and head
tanks through the PLC to a PC

Direct PC oversight of the PLC control program

Remote access to the PC for monitoring of process status

[nstallation of electrical feedback protection for the PLC

Analysis for additional operating parameters

Addition of gas analysis capability

Installation of temperature sensors with PLC monitoring of the feed tank, feed line, and in the reactor
at depths of 150, 170, 220, 270, and 330 feet below ground surface

2.3 Demonstration Facility Operating History and Performance Information

The facility operations history to date is summarized as follows:

e Construction Completion - December 15, 1997

e Hot water heating period - December 18, 1997 to January 14, 1998

* Biological start up without heat - January 15 to January 21, 1998

e Temporary heat source operation - January 22 to February 4, 1998.

e Autothermal conditions (minimal supplemental heat) - January 29 to February 4, 1998.
e New boiler operational, February 6, 1998.

e Operating to develop stable process, February 6 to April 5, 1998.

* First intensive monitoring period three-day HRT, April 6 to 8, 1998.

e Transition and stabilization, April 11 to May 3, 1998

e Second intensive monitoring period, May 4 to May 6, 1998.

*  Shut down for feed pump failure, May 7, 1998.

* Mechanical, control, and monitoring upgrade, May-Oct. 1998

¢ (lean water testing, November 4 to 9, 1998,

e Biological start up, November 10, 1998.

e Process stabilization, November 11 to December 12, 1998,

* Third intensive monitoring period, December 13 to 17, 1998.

e Completion of initial tests, December 17, 1998.
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e Completion of hot water boiler and heat exchange tubing installation, July, 1999
¢ . Completion of control and data generation and capture capabilities, July, 1999
e Final operating test period, August through December, 1999

24 Demonstration Test Plan

The testing program was designed to determine the performance of the VERTAD™ process relative to
the objectives of the King County TAP program. This includes identifying design criteria suitable for use
in sizing and evaluating a full-scale treatment system. The particular parameters of interest include:

1.

w

5.
6.

7.

Fecal coliform or Salmonella to document compliance with WAC 173-308-170 and 40CFR503
requirements for Class B pathogen levels needed for land application of biosolids product.
Exposure time and temperature to document compliance with Class A requirements for
unrestricted use of the biosolids would be a highly desirable side benefit.

Volatile solids reduction to document compliance with WAC 173-308-180.

Operating hydraulic detention time and temperature at which reliable and predictable
performance 1s provided by the process.

Rate of air delivery and delivery pressure to sustain the process.

Product dewaterabililty, polymer requirement, and sidestream quality.

Suitability of product for land application (stability, appearance, odor, and nutrient regulated
metal content) '

Odor control by biofiltration.

In addition, the testing program is designed to provide a more in-depth understanding of the process that
may lead to future improvements in process performance and reliability.

The approach used to document process performance includes a reduced level of routine monitoring
during the process stabilization period. The process is operated at a constant loading condition to
demonstrate stable operation. Once stable operation has been accomplished for three hydraulic detention
times (or solids retention with recycle), an intensive sampling and analysis period of four days is used to
define the performance of the process. The monitoring program varied somewhat between tests. A
representative monitoring program for VERTAD?M testing is provided as Table 2-2.
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H Steam Daily
' Condensate Daily
Feed Tank Daily
‘| Overflow
'} Feed Tank Daily
# Off Gas
/] Reactor Feed | Daily Daily-c | Daily-c | Daily-¢c | Daily-c | Daily-c | Daily-c | Daily-c | Daily-c | l/week
Af Air Daily
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pH, ORP, DO, and gas analysis each batch minimum with intensive through one cycle per day.

During the intensive monitoring period, samples were collected for laboratory analysis of the thickened
solids (THS), feed tank and head tank (upper zone) materials, and final product. These samples were
analyzed for total and volatile solids (TS and VS), total Kjeldahl nitrogen (TKN), ammonia (NH,),

nitrate, alkalinity, pH, and ortho-phosphate by the ESRP laboratory. During the 3-day duration intensive

monitoring period, samples were collected for each discharge cycle to evaluate sample vanability. The
King County Environmental Laboratory also analyzed daily samples for fecal coliform and Salmonella.
During the third test series additional laboratory and field testing was conducted including chemical

oxygen demand (COD), fats, oils, and grease (FOG), total carbon (TC), total organic carbon (TOC), off
gas analysis, density, oxidation reduction potential (ORP), dewaterability, and dissolved oxygen. Product
samples were also sent to dewatering equipment suppliers for dewaterability testing.

2.5 Demonstration Testing Performance

VERTAD™ process performance characteristics were evaluated during three phases of testing:

1. Clean water operation and substrata heating.

2. Biological process start-up and initiation of thermophilic activity.

3. Operations at predetermined operating conditions.

Each of these phases provide important information and insight into the performance of the VERTAD™

process.
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2.5.1 Clean Water Testing

Prior to the addition of solids at the beginning of each test phase clean water tests were conducted to
document reactor mixing and heat loss characteristics. Heat loss was also measured following the
completion of the 1999 test series. The results of the heat loss test at the end of the 1999 tests are shown
on Figure 2-3.

Figure 2-3: Heat Loss vs Temperature after 1999 Tests
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The plots indicate a significantly different energy loss from various sectors of the reactor. This is
attributed to differing adjacent geology. The upper 160 feet is sand and gravel. Within this zone, flowing
water was found between 65 and 115 feet. Bedrock extends from 160 feet to the bottom of the reactor.
Within this zone, fractured rock was found at 293 feet and water was found at 315 and 335 feet depth.
Heat loss would be expected to vary for these surrounding materials. The heat loss to flowing water
would be expected to be significantly higher. Calibration (partially inferred due to physical limitations)
indicate that two of the temperature sensors drifted during the test period. Figure 2-3 has been adjusted to
reflect corrected temperatures.

Figure 2-4 compares the 1999 weighted average temperature decline for the entire reactor with the heat
loss data collected prior to the initiation of testing in early 1998. The comparison indicates a rather
dramatic change in reactor heat loss characteristics over the test period, with the effect of increasing
temperature on heat loss being much more significant at the end of the test compared to the beginning.
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Figure 2-4: Comparison of Heat Loss during 1998 and 1999

18 4
| ®
18 4= o & e foy e
| ; -
R’z 04778
14 = .L"'_u |
g
el
|
- 1
12 9 e 5. ST - O 12 ._-.’.;é( - [l v T ol T o
- T
3 / T
i » -
Q
£ T Z |
g 08 t et ] | | 4 |
T —Ek | | & 1/98 and 10/98 |
|41 | | s
MLT“ 45805 0 1 ) SR i
04 S E=LL2 R o . R B = = _ﬁ‘ﬁ
| ‘ | l 1 Lol { (| | E { | l I i ‘ i i

R

47 50 53 56 59 62 65 68 71
Temperature (Deg C)

The use of this heat loss information is discussed in more detail in the section on energy.

2.5.2 Biological Process Startup and Thermophilic Operation

The initial strategy for biological start-up was to pre-heat the subsurface geology to reduce the rate of heat
loss from the reactor. Based on preliminary calculations it was believed that the pre-heating would allow
the biological activity to self-heat to desired operating temperatures. A similar approach is commonly
used with a variety of composting processes and the ATAD process. The subsurface materials around the
reactor were pre-heated by circulating hot water (at 70 to 80°C) from a portable propane fired boiler
through the reactor.

Heating of the surrounding geology provided an initial heat source for the biological process and reduced
heat loss from the process during biological start-up. However, initial heating was found to only support
reactor temperatures of 40 to 43°C when feeding solids. To provide additional heat, hot water generated
from a portable diesel boiler was pumped in and out of the extraction line which served as a heat
exchanger. Using this method, the process achieved auto-thermal conditions (no supplemental heat input)
on January 29, 1998. Temperatures declined after a week of auto-thermal operation, possibly due to
additional heat loss resulting from the initiation of dewatering at a neighboring construction site. Based
on this situation a steam boiler was added to provide supplemental heat to the process prior to proceeding
with the testing program. Following installation of the dedicated propane steam boiler it was found that
the process would remain in the thermophilic temperature range. Supplemental heat was required
throughout the testing program to maintain thermophilic temperatures. Adding steam to heat the feed
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resulted in dilution of the THS solids. When the new boiler and heat exchanger were added in 1999, this
dilution did not occur. The feed to the reactor was therefore thicker during the initial series of 1999 tests.

During start up, biological activity began generating substantial heat within one to two days. The
thermophilic population was found to be quick to respond and recover from feed interruption. This
characteristic was consistently observed throughout the testing program.

2.5.3 Operating Conditions

The range of operating conditions of interest for the process are summarized on Table 2-3.

e

e S T P e R

_Table 2-3: _Desired Range of Operatmg Condltlons o

i
B R e
2
i

]

i

0peranng Vanable Operatmg Range g

i ‘f| Hydraulic Residence Time (Days) 3106 i
M Temperature (°C) 55t0 70 ;

} Aeration (scfm) 20 to 80 g
5 Feed Solids Content (%) 5t07 il
"""‘ ﬂ”*m"n

The original test plan and schedule called for operating at three detention times (three days, four days, and
a third to be determined based on the results of the first two tests). Each of the tests were to include a
process stabilization period of at least three detention periods (i.e. nine days for a three day hydraulic
retention time (HRT). Solids reduction was used to determine process stability. Once the process was
stable, a set of intensive monitoring samples were to be collected to document process performance. This
planned sequence was interrupted by the previously discussed mechanical, control, and heat balance
problems.

Ten planned performance tests have been completed. The first was initiated on April 6, 1998 and
monitored operation with a 3-day HRT. The second was initiated on May 4, 1998 and monitored
operation with a 4-day HRT. The third was initiated on December 13, 1998 and monitored operation with
a 4-day HRT. In all three tests the process was operated to maximize the operating temperature. During
these tests, supplemental heat was provided by injecting steam into the feed tank. The boiler capacity and
temperature control in the feed tank limited the process to the 53 to 58°C operating temperature in the
initial two tests. During the first two tests, the reactor temperature varied significantly due to interruption
of feed and steam supply. Temperatures were more stable in the third test with the daily averages ranging
from 55 to 57°C.

Following additional improvements to the demonstration facility an additional series of seven tests were
completed between August and December of 1999. The focus of the performance analysis in this report
focuses on the third test of the initial series and the entire 1999 test series.
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Table 2-4 provides a summary of the operating history of the demonstration factlity.

Operating Conditions ] 3

Supplemental Heat HRT (days) Temperature °C) |

12/18/97 - 1/14/98 Portable boiler Clean water only 7510 80 !
1/15-20/98 None 3 42 3

1/21-29/98 Steam cleaner 3 54 4

4/6-8/98 Steam boiler 3 55 Lii

5/4-6/98 Steam boiler 4 53 i

12/13-17/98 Steam boiler 42 56
7/29-8/11/99 Hot water boiler 2 67 i
R/12/-9730/59 Hot water boiler 3 67 '

10/7-19/99 Hot water boiler 4 63 :

E 10/20-10/27/99 Hot water boiler 4 56 Ef
i | 10/28-11/18/99 Hot water boiler 4 56
:;1 11/19-12/1/99 Hot water boiler 3.4 56 |§
i 12/2-21/99 Hot water boiler 5.5 62 i
i: 12/21/99-2/1/2000 Hot water boiler Clean water only 60 i
: |
i !

2.5.4 Performance Data Presentation and Summary

Performance data for the demonstration operations is presented separately for the 1998 and 1999 test
series. Major changes in the demonstration facility were completed between these tests. The ability to
monitor and record the liquid levels in the process tanks was improved from very limited to continuous
between these test periods. The method of providing supplemental heat was also changed from steam
heating the feed, which resulted in dilution to hot water heat exchange that did not dilute the feed. These
major differences are the basis for presenting the data separately.

2.5.4.1 1998 Test Series

The average solids and organic loading conditions for the initial three 1998 tests periods are provided in
Table 2-5.

e e e e e e e e e R e

g _ Table 2-5: Intensive Sampling Periods and Operating Conditions K
{ Test | — 4/6-8/98 Test 2 — 5/4-6/98 Test 3—12/13-17/98 4
4} Hydraulic detention time (days) 3(1) 4(1) 4 |
H Total Solid Loading ppd (kg/d) 1083 (491) 812 (368) 834 (378) :
#{ Volatile Solids Load ppd (kg/d) 856 (388) 642 (291) 653 (296) |
{f Ppd/cf 1.2 0.9 0.9 i
HCOD Load ppd (kg/d ND ND 930

(1) = Based on 70 cf batches

Performance data for the 1998 test senies are provided on Table 2-6.
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_ Table 2-6: Resuits of Operation at 3 and 4 Day HRT

3 Day HRT 4/6-4/8/98 4 Day HRT 5/4-5/6/98 4 Day HRT 12/13-12/17/98
 Total Solids (%)
§ THS 6.2% 6.2% 7.4%
Product 4.6% 4.4% 4.7%
Volatile Solids (%)
THS 4.9% 4.9% 5.8%
Product 3.4% 3.3% 34%
Removal 32% 33% 41%
Ammonia (mg/L)
THS (mg/L) 345 480 736
Product (mg/L) 1,520 1,730 2,500
Meg/kg. dry 33,000 39,300 - 53,200
. TKN
THS (mg/L) 3,521 3218 5,006
Product (mg/L) 3,287 3,130 4,330
Mg/kg. dry 71,500 71,100 92,100
Organic N (mg/L)
THS (mg/L) 3,180 2,740 4,320
Product (mg/L) 1,770 1,400 1,830
Mg/kg. dry 38,500 31,800 38,900
Removal 44% 49% 58%
Fats, Oils & Grease (FOG) (mg/kg)
THS 32,000
Product ) 4,300
% Removal 92%
Chemical Oxygen Demand (%)
THS 8.2%
Product 4.2%
% Removal . 48%
pH :
THS 5.9 6.2 6.4
Product 79 8.0 7.8
Alkalinity
THS 1,800 4,000 2,410
Product 8,750 6,900 7,340
Temperature °C (average)
"53-57 (55) 53-54 (53) 55-57 (56)
54-58 (57) 53-55 (54) 57-59 (58)
52-56 (55) 51-54 (53

Mechanical, electrical, and control problems with the demonstration facility and the feed pump delivering
thickened solids inhibited stable operation of the facility during these tests. Regardless of these potential
upset inducing conditions, the process functioned consistently and was able to provide over 42 percent
Volatile solids reduction in the last test. Other basic findings from these tests include:

e Removal (degradation fractions) of COD (chemically oxidized organics), Organic N (a
measure of protein) and FOG (fats) were higher than volatile solids reductions.
e The pH increased from about six to about eight through the process.
e Ammonia was released in the process.
~® Alkalinity increased through the process.
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2.5.4.2 1999 Test Series

Table 2-7 is a summary of the operating periods and conditions for the 1999 tests.

= able 2.7 1999 Test Period TestConds —

A range of detention times and operating temperatures were evaluated. Based on previous test results, the
last two tests were conducted with pre-diluted feed to the reactor designed to reduce the viscosity of the

reactor liquid with the intent of improving oxygen transfer.

Table 2-8 shows the average concentrations of critical parameters in the thickened solids and product

from the VERTAD™ process.

Thickened Solids (THS)

Condition Reac!or l

End Date Stability (# of sampling Temp. I

; days) period C) : l
; (# of davs) |

E 12/1/98 12/16/98 16 4 4.7 56 56.2 |
A 772999 8/11/99 12 3 2 67 76.5 i
o 8/12/99 9/30/99 16 3 4 67 80 |~3’
d 107799 10/19/99 12 2 4 63 80 | [
41072099 10/27/99 7 3 4 56 60 :
.’;l 10/28/99 11/18/99 22 12 4 56 36 |
{ 11/19/99 12/1/99 12 2 3.38 56 36 1
4 127299 12/21/99 19 4 5.45 62 30 i

RIS

Test Reference 78 VS coD TKN NH3 FOG Alkalinity
Mg/l | Mg/t | Mg/t | Mg/t | Mg/l | Mghkg Mg/l

12/98 Trial #3 (4d HRT, 56C) 73638 | 57596 | 82171 5006 736 32004 2410
8/99 Trial (2dHRT, 65C) 65745 | 52868 | 77305 3714 573 25700 2760
9/99 Trial (4d HRT, 65C) 72906 | 60920 | 80116 4240 512 25900 2733
10/99 Tnal (4d HRT, 61C) 64131 | 52583 | 79377 4102 588 - 3240
10/99 Trial (4d HRT, 56C) 69183 | 56842 = - = = =
11/99 Trial (4d HRT, 56C) 65936 | 53197 | 88374 3745 513 - 4080

] 11/99 Tnal (4d HRT, 56C, Dil'd) 72444 | 56599 | 81293 3950 547 - 4080
12/99 Trial (6d HRT, 61C, Dil'd) 69634 | 55349 | 77450 3904 456 55400 3240

VERTAD™ Product
Test Reference IN VS CoD TKN NH3 FOG | Alkalinity
Mg/l | Mg/l | Mg/l | Mg/t | Mg/ | Mghg Mg/l

12/98 Trial #3 (rd HRT,56C) 46919 | 33623 2326 4329 2500 4327 7338
8/99 Trial (2d HRT, 65C) 56815 | 42850 | 37883 4101 1544 6000 6420

1 9/99 Trial (4d HRT 65C) 52602 | 40324 | 58879 4044 1900 5710 6607

i} 10/99 Trial (4d HRT, 61C) 52289 | 40163 | 59144 3914 1794 - 5880
10/99 Trial (4d HRT, 56C) 52887 | 40667 -- - -- - -
11/99 Trial (4d HRT, 56C) 48310 | 36287 | 54483 3789 1836 - 6915
11/99 Trial (4d HRT, 56C, Dil'd) 35183 | 25393 | 40238 3113 1633 - 6780
12/99 Trial (6d HRT, 61C, D11'd) 31734 | 22943 | 33144 2332 1064 11400 4900
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Table 2-9 provides the complete daily feed and product quality information for the August and September

1999 tests.
Table 2-8: Laboratory Test Mulh(Augg?HaBMqﬂTmbs 1r999) I : I
[ I [ [ |
Feed Concentration Product C i
LEN TN ALK | €0oD s NH3 [ ALK [ €OD
ns | fmgit) | IS (mgyL) mem
B850 55870
54261 43945 /22 27681
80504 | 88644 | 4190 | 896 | 2720 | 08078 42871 | 33480 3076 1333 | 8320 | 51374
66130 53561 51584 40480
68405 56023 58054 44221
70649 | 58080 | 3673 | 868 | 4800 | 70300 |6.37| 53764 | 41863 | 4700 | 1880 | 7200 | 65445 | 8.03
Aug 99 Trial 74009 | 60109 B0444 | 47488 il
(2d HRT, 85C) 55491 3064 | 701 | 3520 | 78306 | 6.1 | 62793 4060 | 1a76 | &750 | 71789 | 8.5
N 55306 15 | 4
67269 54118 3548 | 614 | 5200 | 70886 | 6.15| 55633 | 42438 | 3058 1768 | 6000 | 50056 | @3
85121 53388 54236 41034
53606 | 4060 | 681 75600 | 601 54179 | 40411 4056 | 1810 | 6350 | 55187 | 856
18 57737 3045 | Bad | e0385 53623 | 32327 3050 1834 54446
47720 36132 3518 1633 | 6000 47517 8.2
47030 | 35834
46921 | 34031
- = 42766 | 30744 3175 1250 | 4100 | #4608 | a9
70252 57539 53605 41193
87719 55781 3818 435 2300 94679 | 6.18| 56671 43423 3435 1360 4940 51826 838
86716 | 54802 51766 | 30375
84784 | 53038 52066 | 40028 Ll
57381 48326 3848 1280 3080 65386 |597| 53437 41182 3802 1622 6220 52425 .11
62798 50879 49253 37237
60803 | 49137 | 4950 | 1502 | 4680 | 06400 |6.78| 51134 | 30363 | 4805 | 1920 | 9140 | 46748 | 853
Sept 00 Trial 81816 50818 51182 37
(4d HRT, 85C) 60538 | 48831 85318 | 52003
58838 | 47440 | 4867 | 1182 | 5320 | 68480 |508| 40874 | 38405 4347 1834 | 6430 | 44507 | 900
58133 48497 48298 6711
51427 30446 | 781 50766 | 38619 875
72122 | 50192 53264 | 40757
58886 56487 52065 30476
73202 58676 45635 34292
[~ &ee62 50000 | 36008
82160 | 68520 3720 | 05880 |6.23| 54568 | 41405 7900 | 54520 | 849
72408 | 60190 57678 | 42070
73001 | 60208 58261 | 44872
68268 | 56587 57261 | 44178
687202 55737 7571 | 4068 2800 77972 |6.33| 58691 43517 4514 2160 7840 50180 8.62
61703 | 50614 43264 4358 | 2840 | 81060 |6.56| 53115 | 40455 | 4007.6 | 2120 | 7720 | 50058 | 88
Note: Shaded color legend:
Green-performance monitoring period
Gray and purple mark changed operating conditions
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Table 2-10 provides the complete daily feed and product quality information for the October through
December 1999 tests.

Table 2-10: Laboratory Test Results (October 1999-December 1999)
Feed Concentration Product Concentration
[ MK | 00 VS HH ;
AR Date  [THmo)| TVS imoA) | (moll) | (moll) | (el | (mall) | pH | TSimol) | (madd
RS A S
- — | aorzme 62488 | 51803 4331 | 536 | 2000 | 87050 |6.26| 57760 | 44712
| iEme 6aBE1 55282 = 15 56512 | 43501
- 1011/88 64103 52454 54687 | 41770
I oawTia 0208 85561 52445 4027 | 718 | 3200 | 75007 |6.18]| 54500 | 41929 3831 1524 | 7400 | 58360 | 805 |
I‘“Hm 810) | ADM3/96 50874 | 48874 55107
. 101488 50683 48676 3818 | 404 | 2100 | 67711 |6.26| 53219 | 40556 3664 1622 | 5780 | 68708 | 7.01
101158 82552 50066 53688 | 41050
|~ 66413 54172 ™ 52041 | 39386
u 67304 55155 4414 | B4D | 2880 | 08624 | 6.34| 54202 | 42256 4310 1692 | 5810 | 50824 | 782 |
[T o ®eTral 72181 58410 54086 | 41731
_' (4d HRT, 56C)
50816 3300 648 44514 | 34083 6020 — | 884 |
i | 53192 42164_| 32548
- 53200 46261 | 35325
Nav '60 Trial o -
(44 HRT, 56C)
I~ ™ 3448 | 440 | 2320 | 73058 | 6.8 3664 1604 | 8640 | 62882 | 7.00
49666 | 38401
| | 43842 | 30088 |
= | #1531 | 20051 3477 1862 | 5640 | 43112 | 862
39200 | 27403
(A HRT, 500, DI —— - l
i 40571 | 28501
= 38977 | 28430
e 3 £l | |
12309 66997 53780 32515 | 23200 [ [
farems B e e} =
. i 560 | 28789 | 857
tames T - ] 00 L T
Dec 90 Trial m S TN e
8d HRT, 81C, Dir'd) B e
d 12014096 40217 20116
M, 1] reneme 7 38767 420 4000 31051 27808 1160 7.71

Note: After 11/19/99, dilution water was added to the feed and accounted for in the mass balance.

Table 2-11 provides a statistical summary of the quality data throughout the 1999 test period. The THS
and product information summarizes data for the entire period. The diluted feed data is included on the
last two tests in November and December.
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Considering the ratio of standard deviation to average, the data indicates that the THS quality was
relatively consistent for TS, TVS, COD and pH. TKN and alkalinity were more variable. Ammonia in
the THS was more variable, although not as significant a factor compared to the TKN values. The
product was less consistent than the THS for TS, TVS and COD. It was more consistent in ammonia

content.

A critical analysis procedure was to prepare a mass balance for each of the test periods. An example of
this analysis is provided in Table 2-12. The analysis shown is for the final test during which the process

was operated with a six-day HRT and a set point temperature of 61°C.
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78 VS TKN " NH; ALK COoD pH
Mg/l Mg/l Mg/l Mg /I Mg/l Mg/l
Avg. 67,317 54,456 4,162 649 3,325 80,421 6.3
Median 67,394 54,418 4,060 537 3,200 78,675 6.2
H SD 4,996 4292 751 282 869 9,617 0.3
H SD/Aveg. % 7.4 7.9 17.0 434 26.1 12.0 5.4
i Max 82,169 69,734 7,571 1,592 5,320 08,824 7.81
H Min 51,427 39,446 3,400 429 2,100 65.386 5.97
No 91 88 29 29 30 30 30
Diluted Feed
Avg. 42 916 33,111 2,687 946 3,869 50,933 6.4
Median 42 417 31,653 2,904 968 3.800 51,938 6.5
HSD 6,869 5,750 T 620 100 716 3,049 0.3
% SD/Avg. % 16.0 17.4 23.1 10.5 18.5 6.0 4.2
62,183 49,645 3,106 1,040 5,000 54,547 6.8
§ 31,715 24,370 1,477 772 . 2,760 46,409 6.1
lg 21 21 6 .6 7 7 7
&
E Product
2 ‘Avg, 48,723 36,580 3,724 1,660 6,459 51,372 8.4
§ Median 51,134 38,626 3,873 1,768 6,420 52,425 8.5
!§ SD 8,192 6,871 662 299 1,138 10,658 0.4
it SD/Avg. % 16.8 18.8 17.8 18.0 17.6 20.7 4.8
5 Max 65,318 52,993 4 805 2,160 9,140 71,789 92
i Min 26,481 19,102 1,4352 1,040 4,100 28,789 7.7
i No 99 97 33 33 35 35 35
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Table 2-12,. Example Mass Balance Calculation for Dec. 1999 6 Day HRT Test
Raw Sludge Input Evaporative Losses Mass Balance
THS input 172in Constants THS VS 65349 mg/l
286.67 fi3 A B8 [ Product VS 22943 mg/l
2144.41 gal 18.3036 3816.44 -46.13
Cycle Time 70 hr FLOW
4200 min Feed Tank Temperature 40 C THS+dilution 0.708 gpm
THS Feedrate 0.511 gpm Vapour Pressure H20  54.754213 mmHg Water (Evap) 0.012 gpm
Product 0.696 gpm
Difution Wates Input Compressor Load RN % VOLATILE SOLIDS
lAeration Rate 27.84 scfm @68 F |VS in 14.14 Ib/hr
Water input 66.5 in Ib moles air 0.0722291 Ibmoles/min |VS out 7.99 Ib/hr
110.83 ft3 VS Destruction 43.5%
829.09 gal otal P 760 mm Hg Actual HRT 5.45 days
Cycle Time 70 hr P air 705.24579
4200 min THS COD 77460 mg/l
Water Feedrate 0.197 gpm b moles water 0.0056078 Ibmoles/min JProduct COD 33144 mg/i
0.1009397 Ib/min
0.0016176 ft3/min FLOW
2.3293776 ft3/day THS+dilution 0.708 gpm
0.012 gpm Water (Evap) 0.012 gpm
Product 0.696 gpm
Reactor Temperature 61 C VOLATILE SOLIDS
Actual HRT 5.45 days CQD in 19.78 Ib/hr
Average Aeration 22.00 scfm COD out 11.54 Ib/hr
Average Off-gas 10.580 % COD Destruction aN.7%
Average OTE 50.0% Actual HRT 5.45 days
Period for this Mass Balance: Trial Average of stable condition periods
(Fat addition period, and 1 odd grab sample have been omitted. ) THS Org-N 3448 mg/l
Product Org-N 1268 mg/!
FLOW
THS+dilution 0.708 gpm
Water (Evap) 0.012 gpm
Product 0.696 gpm
VOLATILE SOLIDS
OrgN in 0.88 ib/hr
Org-N out 0.44 Ib/hr
Org-N Destruction 49.9%
Actual HRT 5.46 days

Using the mass balance procedure, the performance of the process was determined for éach test period.
The results are summarized on Table 2-13. For comparison between the 1998 and 1999 test periods, the
last test in the 1998 series is included in this data presentation.

Nel Water Loss
(Lb H20 per Destruction | Destruction
Lb Sludge Fed) | (% Removal) (%
4 Removal)
1} 12/98 Tnal #3 (4d HRT, 56C) 0.107 40.9 48.0 -57.9 91.7
#] 8/99 Tnal (2d HRT, 65C) 0.638 20.7 52.0 20.3 —
9/99 Tnal (4d HRT, 65C) 2.072 42.2 35.8 49.8
10/99 Trial (4d HRT, 61C) 2.217 33.9 35.5 47.8
10/99 Trial (4d HRT, 56C) 0.331 30.1 - -
11/99 Trnal (4d HRT, 56C) 0.197 327 39.2 40.4
N/A 42.3 36.3 44.1
43.5 . 49.9

Destruction
(% Removal)

(% Removal)
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The data shows the process providing volatile solids reductions ranging from 21 to 43 percent for various
operating conditions. As with the first test series the organic nitrogen and fat degradation rates were
consistently higher than the volatile solids reduction rate. However, in this test series, the COD reduction
was equally greater and less than the volatile solids reduction.

2.5.5 Process Simplicity and Stability

The biological process was found throughout the testing program to be relatively simple to operate,
resistant to upset, and to rapidly recover from disruptions caused by electrical and mechanical system
failures. The straightforward process controls consist of providing a supply of food on a relatively
uniform basis and providing air. In a full-scale system, with continuous feed and batch discharge and
manually adjusted aeration to match growth induced loading increases and seasonal fluctuations, the
operational controls would be expected to require less operator attention than an anaerobic digestion
process. The VERTAD™ process operates well over a range of pH conditions and temperatures.
Although the process does not generate gas, it does produce hot water and does not require the extensive
gas handling, cleaning, and safety equipment.

The ability of the process to recover quickly from upset conditions was demonstrated on numerous
occasions as the result of power outages and failure at the feed system, boiler, or control system. During
these occasions, the process was stressed by lack of food, cooling, and aeration. In all situations the
process recovered rapidly.

An example is a period between September 3 through 14, 1999. During this 12-day period the system for
discharge of product was not functioning properly, which restricts the ability to feed the reactor. The
boiler was able to maintain the operating temperature in the mixed zones of the reactor but not in the soak
zone which cooled between discharge events. Table 2-14 presents the total solids, volatile solids and
chemical oxygen demand for the upset and stabilization periods. The table also shows the same data for
the test period sampling that immediately followed the stabilization period. The mass balance for the test
period found a VSR for this period of 42 percent (among the best volatile solids reduction performance
observed during testing).

Table 2-14: Average THS and Product Quality During and After Upset

THS (mg/l) Product (mg/L)
) Vs COoD ) Vs COD
Upset Period (7 days) 63,500 51,100 68,500 52,200 40,200 44,600
Stabilization Period (7 days) 70,900 58,400 85,000 55,400 41,900 54,600
Test period (3 days) 72,900 60,920 80,100 52,600 40,300 62,200

The product data for total and volatile solids are very stable considering the extent of the upset and
extreme variation in feed over the three periods. The product COD data appears to indicate a change in
performance over the period, which is reflected by the very low 36 percent COD removal reported for the

test period.
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2.5.6 Residence Time and Feed / Reactor Content

Figure 2-5 summarizes the performance of the demonstration facility for the eight identified test periods
using volatile solids reduction and reactor total solids content as the comparative parameters. The figure
also shows the primary test variables of detention time and temperature. Examination of the data
indicates the following general trends:

Figure 2-5: VS Destruction vs Reactor Viscosity
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Viscosity (represented by Total Solids %)

e An apparent maximum VSR of 44 percent over the operating range of two to six-day
detention time.
A trend toward reduced VSR as the solids content (viscosity) of the reactor liquor increases.
Considerable performance variability at a four day HRT.

» Possibly improved performance at higher temperatures when the reactor solids are high.

Based on this data, an interim conclusion is that a VERTAD™ reactor operating with a four day HRT, at
a temperature of 56°C or greater, and less than 4.5 percent reactor TS, will provide the maximum VSR
demonstrated to date.
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2.5.7 Vector Attraction Reduction

The selected method of vector attraction reduction (VAR) for the VERTAD™ process is to attain 38
percent reduction in volatile solids. The performance of the VERTAD™ process in comparison to
previously published curves for the Autothermal Thermophilic Aerobic Digestion (ATAD) process is
provided on Figure 2-6. The comparative parameter in this case is the product of time and temperature.
This comparison indicates that the VERTAD™ process typically operates and provides VAR with fewer
degree days, but so far has not produced the upper range of VSR measured at ATAD facilities.
VERTAD™ has consistently operated at or above the EPA performance curve. The currently used
mesophilic anaerobic digestion process would be off of this figure with a VSR of 60 to 70 percent and
heat exposure of 800 to 1200 °C days.

Additional discussion of VSR and organic degradation is provided in Section 2.5.12.

Figure 2-6: Volatile Solids Reduction - Comparison of EPA design curve, ATAD demonstration results
and VERTAD test results
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2.5.8 Class A Pathogen Control

Class A pathogen control requires compliance with three criteria:

1. Fecal coliform and salmonella
2. Vector Attraction Reduction process
3. Pathogen control process
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Compliance with each of these Class A and Vector Attraction Reduction requirements is achievable with
the VERTAD™ process. Microbial analysis has consistently found that fecal coliform and salmonella
levels in VERTAD™ product are below detection limits (0.03 MPN/gm dry wt. and 0.2 MPN/gm dry wt.
respectively). The THS processed through the system contained from 4x10” to 3x10" feed coliform, and
from non-detected to 540 salmonella organisms. The process has provided greater than 40 percent
volatile solids reduction in four days detention time at a 56°C operating temperature, provided that the
total solids in the reactor is maintained below 4.5 percent. Higher removal rates for organic nitrogen
(>45 percent) and fats, oils and grease (>80 percent) indicate rapid degradation of these fractions which
primarily produce the objectionable character of un-stabilized wastewater solids.

The selected altenative for attaining Class A pathogen control in the VERTAD™ process is by
maintaining temperatures for the required contact time. Time and temperature requirements from the
biosolids regulations (40CFR503 and WAC 173-308) are shown on Figure 2-7.

Figure 2-T:
40 CFR 503 Class A Time and Temperature Requirements
for Solids Less Than 7%
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A conservative approach to compliance would be to control the batching cycle and temperature such that
all fed solids would be exposed to the required temperature between the end of feeding and the beginning
of the discharge cycle. In this way the entire reactor contents would be in compliance at the end of each
batch. Assuming a four-hour batching cycle and one hour from beginning of discharge to end of feeding,
the reactor would need to be maintained at a temperature of 62°C. The soak zone can also be used to
provide the required time and temperature. Typically the temperature in the soak zone cools to 0.9 to
1.5°C below the upper zones at the end of the cycle. To operate such that the pathogen requirement is met
in the soak zone, the reactor would need to be operated at 64°C in order to assure adequate soak zone
temperatures throughout the batch cycle.

While it is believed that the demonstration facility's vertically stacked zone configuration complies with
the time and temperature requirement, two variations are available to further assure compliance:

¢ Installation of a flow restricting physical barrier between the slowly mixed and soak zones.
e Maintain a surface batch contact tank in which the VERTAD™ product is held for the
required time at the appropriate temperature.

NORAM is currently working with the EPA to determine the appropriate method of documenting Class A
compliance in the VERTAD™ reactor. Section 2.5.15 includes a discussion of reactor mixing and zone
separation that are important factors for Class A time and temperature compliance.

2.5.9 Product Suitability for Beneficial Use

VERTAD™ production of a Class A product expands the potential markets for King County Biosolids as
a commercial product. Site permitting would no longer be required, so the material could potentially be
used without further processing by nurseries, topsoil manufacturers and landscapers. These markets,
however, have fairly restrictive quality requirements. Portions of this market are currently accepting the
City of Tacoma’s Tagro product, which is a mix of Class A anaerobically digested biosolids mixed with
sawdust and sand.

The visual and olfactory character of the solids are very important for these markets. Dewatered
VERTAD™ product has been found to have a different appearance than the current anaerobic product.
The VERTAD™ product has more of a gray-brown color and a fibrous texture, like wet paper. This
product may be useable for making a product similar to Tagro or for use in topsoil manufacturing.
Minimal additional processing by composting or drying could produce a high value organic product that
could be sold locally. Local sales of these types of products would dramatically reduce the cost of
biosolids management for the County by decreasing transportation costs.

Nitrogen content is a factor in determining the value of the product. The performance data indicates that
the product has a lower organic nitrogen content (3.2 to 3.9 pércent as N) compared to typical South Plant
anaerobically dlgested solids (4.1 to 7.6 percent as N). No data is available for nitrogen content of a
dewatered VERTAD™ product.
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2.5.10 Anaerobic Linking

Thermophilic aerobic digestion has been used in a dual digestion process where pure oxygen activated
sludge systems are in use. The pure oxygen stimulates the development of thermophilic temperatures in
very short duration reactors (about 24 hours). These reactors were normally followed by mesophilic
anaerobic digestion. The City of Tacoma operates this process. The potential for a similar linked aerobic
thermophilic and mesophilic anaerobic digestion system was evaluated by the University of Washington
(Ref. 15). The product from the VERTAD™ reactor operating at a four day HRT was used as feed for
bench scale anaerobic digestion tests. The results of these tests are provided on Table 2-15.

e 2-15

4 Tabl : 93'."R?[i?ﬂ'.?f;;’;@ﬂ?ﬂ&qq!‘H?LW!!!LQQ’.“PL"RQ System Performance |
= - 11 day SRT 15 day Anaerobic 11 day Anaerobic [
q Anaerobic Control with VERTAD™ with VERTAD™ !
i Solids Retention Time (days)
VERTAD™ 0 4 4
Anaerobic 11 15 11
; Total 11 . 19 15
§] Volatile Solids Reduction (%)
: VERTAD™ 0 33 33
Anaerobic 52 49 45
5 Total 52 66 63 ,
:}| Anaerobic Gas Production : b
! Liters Methane / day 2.8 2.0 2.5 |
i Liters Methane / gram COD 0.51 0.39 0.36 1
4 removed ‘ i
e e

The data indicates that following VERTAD™ with anaerobic digestion provides significant additional
reduction in volatile solids with the production of significant gas. The additional four days of anaerobic
digestion provided by the longest SRT test did not produce greatly improved VSR. The higher methane
production per weight of COD removed for the anaerobic control seems to indicate that the VERTAD™
process has selectively removed fats from the feed, or the anaerobic control feed contained a higher fat
fraction than the reactor fed VERTAD™ product. The complete report for this evaluation is included as
Appendix A.

The reverse configuration of anaerobic digestion preceding VERTAD™ was not tested because of
physical restriction of available test equipment. The potential differences between these two approaches
are discussed in Section 3.

2.5.11 Thickening/Dewatering/Centridry

The ability to thicken, dewater and dry the VERTAD™ product is a critical factor in determining the cost
effectiveness of the process. Thickening is of value for reducing the volume of material that is passed on
to a linked anaerobic digestion process. Thickening may also remove dissolved compounds which
increase the polymer required for dewatering (Ref. 7). The effectiveness of dewatering and drying
determines the cost of transporting the product to biosolids use sites.
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The VERTAD™ process provides the unique opportunity fo float thicken product by adding chemicals to
release soluble carbon dioxide as fine gas bubbles. This option is available only when drawing the
product directly from the high-pressure lower zone of the reactor.

Flotation thickening tests were performed on VERTAD™ samples by adding 93 percent sulfuric acid or
alum to a freshly withdrawn sample, and allowing it to float thicken over a period of 1-2 hours. Acidified
and alum conditioned samples float thickened to approximately the same concentration. Sulfuric acid
would be the preferred chemical because it costs a great deal less than alum. The mechanism for flotation
is:

* Reactor contents are under pressure, and at 60°C or below, ammonia is present in a stable form
(as ammonium bicarbonate)

e When a sample is brought up from the depths of the reactor to the surface, the sample
depressurizes, and some CO?2 is released (most of the CO2 is still dissolved though, and the
ammonium bicarb is still stable, the sample is supersaturated)

e Acudifing the sample (with sulfuric acid, or alum) to approximately pH 5, releases the CO2 as
small bubbles which attach to biosolids particles, floating the biosolids into a compact blanket.
(Ammonium sulfate is formed in this substitution reaction).

¢ Float thickened solids were between 8-12 percent total solids in the tests (for alum and sulfuric
acid) .

In altematives involving dual digestion, the limit in the design is the internal solids concentration in the
anaerobic digester (kept at a max of 4.5 percent). So despite the fact that the concentration of the float
thickened solids can be up to 12 percent, significantly reducing downstream tankage and dewatering
equipment, approximately 7 percent is the maximum allowable float concentration to stay within the
digester constraints. In straight VERTAD™ options, a 10 percent float thickness can be used (this is
assumed to be quite conservative). A 95 percent capture efficiency is used for the flotation cell (this
approximates what was observed in the subnatant).

The operating temperature of the reactor influences the performance of flotation thickening. Somewhere
above 60°C, ammonium bicarbonate is unstable and dissociates. This results in more ammonia in the off-
gas (which has to be recaptured in a biofilter) and less ammonium bicarbonate in solution for the
acidification/float separation stage that follows the VERTAD™. Of the ammonia and CO, liberated from
this dissociation, the ammonia re-adsorbs into solution much more readily, raising the pH from
approximately 8 to 8.8. In terms of design, this means an increased sulfuric acid requirement in the
flotation stage that follows to depress the pH to the point where CO; is released (approximately pH 5).

Laboratory dewatering tests were completed for VERTAD™ and anaerobically digested product by
Andritz. Table 2-16 presents the results of the tests.
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o Table 2-16: Dewatermg of VERTAD™ and Anaerobic Dlgestlon Products

Anaerobic VERTAD ™
i Digested Direct Acid Floated Alum Floated %
if Initial Total Solids (%) 3.50 3.64 8.77 6.82 ;
if Initial Suspended Solids (%) 3.43 3.45 8.68 6.72 §
1 Initial Ash Content (%) 37 27 20 30 !
‘Y| Capillary Suction Time (sec) 237 561 318 210 |
H Screen +100 mesh (% of SS) 8 25 31 25 |
' 100x230 fraction (% of SS) 9 5 3 4 i
4 Solids Capture (% of SS) 95 96 99.5 98 ‘
] Cake Solids (%TS) 12-14 31-34 31-34 27-30 :
1 Neat Polymer Dosage (Ib/ton SS) 20 38 . i
¢ i

Based on tests of cooled products by Andritz Ruthner, Inc. using Ciba 757 polymer (Ref. 9)

The differing character of the anaerobic and VERTAD™ products are apparent from the ash content and
screened solids fractions. The VERTAD™ product contains less ash and larger fraction of small particles
relative to the anaerobic product. The VERTAD™ product has a higher capillary suction time, but it is
reduced to that of the anaerobic product in the thickening process. As with previous tests, the
VERTAD™ product dewatered to a very high cake solids compared to anaerobic product, but the polymer
demand was almost twice as great. The impact of flotation thickening on dewatering performance was
quite impressive. The solids capture increased and the polymer demand was less than for anaerobic
product while maintaining the high solids content in the cake. There is no definitive data on the total
solids capture through both the flotation and dewatering processes.

2.5.12 Microbial Degradation of Organics

2.5.12.1 Differential Degradation of Fats

Constituent (fats, carbohydrates, and proteins) degradation is an important design factor. As we all know
from food product labeling, eating fat provides more calories per gram consumed than eating
carbohydrates or protein. This fact is due to the chemical structure of these biochemically active
compounds. Fats are basically long chain hydrocarbons with a fatty acid molecule attached at one end.
As such, the potential for oxidation is maximized. Available energy per unit mass is similar to fuel oil
and gasoline. Degradation of fat requires larger quantities of oxygen for oxidation and produces large
quantities of methane during anaerobic reduction compared to protein and carbohydrates. Proteins and
carbohydrates are already partially oxidized which reduces the potential energy (as heat or methane)
available from degradation. Conversely, in aerobic systems this partial oxidation reduces the oxygen
needed for degradation.

Figure 2-8 compares the oxygen required for aerobic degradation for typical fat, carbohydrate and protein
compounds. The oxygen requirement for fat is about 2.5 times that of carbohydrate and protein. This
figure also compares the degradation products from each. Only protein releases significant ammonia.
Fats release almost twice the carbon dioxide and energy. Proteins release the least water while fats
release the most.
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Figure 2-8: Aerobic Process
Oxygen Consumption and Degradation Products
for Common Organics

o

10,000 BTU/ Ib Org
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Ib H20/1b Org

Proteins

Figure 2-9 shows the effect on these same products and oxygen demand for three constituent mixes. The
high fat mix assumes that the degraded organics are 60 percent fat, 10 percent carbohydrate and 30
percent protein by weight. The equal degradation assumes an equal weight of each constituent is
oxidized. The high protein mix assumes that 60 percent of the degraded organics is protein together with
20 percent each of fat and carbohydrate being degraded. The figure shows the values for each parameter
for each mix. Based on this comparison, it is obvious that differences in feed character or specific process
preference for one type of constituent could significantly affect the oxygen demand, energy release and
balance between carbon dioxide and ammonia release.
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Figure 2-9: Aerobic Degradation Consumption and Products
Impact of High Percentage Fat and Protein Degradation

High Fat

Equal degradation
High Protein

The most comprehensive evaluation of fats, carbohydrates and protein was completed during the final
1998 test normally referred to as Test 3. Table 2-17 compares the chemical characteristics of typical
organic compounds. The table also shows the breakdown characteristics for Test 3 based on measured
total, protein, and fat content. Carbohydrates are calculated by difference. The feed to the reactor had a
very low fat content of 4 percent compared to a more typical sludge characterization with 10 to 40 percent
fat (Ref. 11). Replacement of fat in a typical wastewater solid with carbohydrate or protein represents a
reduction in potential energy released per pound of volatile solids degraded from about 12,000 to about
7,300 or a 40 percent decrease.
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T Based on 5,780 BTU.

" Chemical Formulas | By Product Ratios |

Potential'
| ] o | N [H,0/0rg [ NHJOrg [ Co,/Org | BTU/D.
' Typical Compounds '

12 2 2 0.41 0.26 1.7 7,700
22 11 0 0.58 0 1.5 6,500
90 6 0 1.03 0 2.8 16,400

Test 3 Breakdown
16.6 | 16.6
11.9

0.45

The VERTAD™ test reactor as configured at the beginning of Test 3 could be treated as a large
respirometer. All feed and product streams could be monitored to provide mass balances of the critical
components of the biological process (carbon compounds, oxygen, solids, and water). In addition,
characterization of heat loss from the reactor allowed estimates of the heat balance for the exothermic
degradation of organic compounds to be made.

A primary objective of the VERTAD™ process is to stabilize and reduce the quantity of solids to be
dewatered, hauled, and utilized. The standard measure of stabilization is volatile solids reduction. The
state and national biosolids regulations require 38 percent volatile solids reduction for typical digestion
processes. To determine the volatile solids reduction a mass balance around the entire process was
completed using measured densities and levels in the feed and head tanks through batch feeding events.
Similar calculation procedures were used to develop mass balance information for chemical oxygen
demand (COD), organic nitrogen and fats, oils, and grease. Samples were collected every six hours and
composited to make a daily sample for analysis. The results of the mass balance analyses are provided on
Table 2-18.

S Date VS Destruction | COD Destruction | Org-N Destruction ™’ Fats, Oils, and Grease i
; 12/13/98 41.7% 50.5% 60.7% 94.8% !
] 12/14/98 43.9% 51.4% 50.9% ND
'»: 12/15/98 42.5% 46.9% 60.1% 90.3%

1 12/16/98 43 7% 49. 5% 59 2% 88 4% £

(1) Mass Balance usmg ‘measured dmsm&s

The measured quantities of the three residual organic compounds, fats and oils, carbohydrates, and
protein can be estimated using the results of the volatile solids, fats, oils, and grease (FOG) and organic
nitrogen analyses. Table 2-19 provides the average pounds of each compound type fed to the reactor
daily during the third test. The percent distribution indicates relatively small amounts of fats and oils and

~ equal quantities of protein and carbohydrates. This fat content is unusually low for raw wastewater solids

and should be verified in future tests.
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B Table 2-19 Feed Volatlle Sollds Dlstnbutlon for Test 3

Pounds per day % of Total i
H  Total Volatile Solids 638 1
4 Fats, Oils, and Grease 26 4% B‘
f Protein’ 295 46% 4
i Carbohydrates” 316

' Assumes 6.25 Ib. Protein/lb. Org N per TIICFR 1010
By difference

Table 2-20 shows the measured degradation of these compound groups in the VERTAD™ reactor. The
percent of total indicates that the proteins were the primary compound being degraded during Test 3.
Carbohydrates were not degraded as effectively as protein. Although almost all of the fats and oils were
degraded, they comprise a small fraction of the organics and therefore represent a small fraction of the
amount of organics degraded. This is a significant finding relative to energy release because the fats and
oils release about 2.5 times as much energy per pound of material degraded compared to proteins and
carbohydrates. The significant residual carbohydrates may be related to an observed papery texture of the
dewatered product. This may reflect limited degradation of cellulose and lignin, which would be included
as carbohydrates in this characterization.
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T NN WIS TP

PP e R e

St cacococ S £ 1
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T |
’5 h
{ Pounds Per Day Degraded % of VS Reduced % Energy Release and 0; [}
i Demand :
H Total Volatile Solids 265 li
}|_Fats, OiL, and Grease 24 !
5 Protein’ 169 |
ik Carbohydrates’ 73 |

UAssumes 6.25 Ib. Protem/Ib. Org N per 21CFR 101.9
’By difference

The COD reduction attained by the VERTAD™ process is higher than the VS reduction. This is
consistent with results for other ATAD processes (Ref. 5). A possible explanation is that ATAD™’s and
VERTAD™ preferentially degrade fats which increases the oxygen demand of the degraded fraction per
mass degraded. This would produce a higher removal of COD compared to volatile solids.

Although no systematic comparative data was collected during the 1999 tests, an examination of the data
provides some useful insight. Table 2-21shows statistics for the ratios of COD/VS and Organic
nitrogen/VS, and FOG/VS for the thickened feed solids and the VERTAD™ product.

: i Table 2-21 VolatJle SOlldS Ratlo Compansons

i (
i Ccob/vs Organic N/VS E
: THS | Product THS Product THS Product i
b Average | 148 1.38 0.065 0.055 0.045 0.010 i
# Standard Deviation | 0.15 0.16 0.014 0.010 0.024 0.004 i
Number | 29 34 28 32 6 6 ;
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This data shows that the residual volatile solids in the VERTAD™ product contain constituents with
lower COD per unit mass than the feed. This indicates that, on average over the entire test period, fats are
differentially degraded in preference to combined carbohydrates and proteins. The same appears to be
true for organic nitrogen (which correlates with protein) and fats/oils. This leads to the conclusion that
carbohydrates are not as effectively degraded in the VERTAD™ process compared to fat and protein.

The data also indicates significant potential variability in the mix of these constituents in the feed and the
product. There is insufficient data to determine whether variation in the feed is passed through the
process or whether process performance is also a factor in the variability in product mix character.

Another indication of the variability of the feed character occurred during Thanksgiving of 1999. Figure
2-10 shows the heat supplied to the reactor by the boiler over a 2 ! day period beginning at midnight on
Thanksgiving Day. There is no evidence that the concentration of feed solids to the reactor changed over
this period, although it is possible. The figure shows a significant decrease in the heat supplied by the
boiler beginning early Thursday moming. This continues through Friday evening and then begins to
return to the initial energy addition condition. The exact reason for this situation is not known but
possible causes include 1) an increase in the concentration of solids produced by the dissolved air
flotation process or 2) an increase in the fat content of the feed resulting from preparation of
Thanksgiving meals.

Figure 2-10
ENERGY INPUT
Thanksgiving Weekend 1999
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2.5.12.2 Supplemental Feed Study

On three occasions, during the latter part of the 1999 tests, supplemental feed in the form of vegetable oil
was added to the reactor to observe process reactions. In one case sugar was also added. These tests were
intended to determine the extent and duration of the process response to the addition of oil. Process
responses being measured included heat release, temperature changes and oxygen transfer efficiency.
Oxygen consumption was measured using an oxygen analyzer to monitor the reactor off gas. The first
test consisted of two additions of oil. Ten pounds of soybean oil was pumped into the reactor (head tank)
in a three-minute period. This quantity of oil, if fully degraded, would require 28.9 pounds of oxygen for
conversion to CO, and H,0. This conversion would release 167,000 BTU’s of energy. The off gas O,
concentration was recorded approximately every five minutes until it stopped decreasing. Then, an
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additional 25 pounds of soybean oil was pumped into the reactor (head tank) in a six-minute period. This
additional quantity of oil, if fully degraded, would bring the required total demand from all added oil to
101 pounds of oxygen for conversion to CO, and H,0. This conversion would release 585,000 BTU’s of
energy. The off gas O, concentration was recorded periodically until the evening. The oxygen analyzer
was re-calibrated twice during the test readings. The adjustment in both cases was minor. The second
test consisted of the addition of the same amount of oil as the first test, but all added as a single batch.

The third test involved the addition of 60 pounds of com syrup and several bottles of high fructose drinks.
This represents the addition of potential energy of 450,000 BTU’s and an oxygen demand of 79 pounds.
The syrup was added over a four-hour period. After four more hours without peaking the oxygen transfer
efficiency, 20 pounds of oil was added. This provided an additional potential 325,000 BTU’s of energy
and 56 pounds of oxygen demand.

During all three tests the reactor was operating with diluted feed in order to maximize oxygen transfer
efficiency. During the first test the reactor was operating at a 3.4 day HRT. During the last two tests the
reactor was operating at a 5.4 day HRT. In none of the three cases was the oxygen demand measured
through the entire period of response.

Figure 2-11 shows the observed differential oxygen uptake rate during this period (e.g. the difference
between the initial oxygen transfer and the observed transfer). The response of the reactor to oil addition
in the first two tests was rapid and dramatic. An analysis of the effect of the oil addition on heat added by
the boiler is provided as a spreadsheet and graphic. This information indicates that oil addition continued
to have an impact on heat addition for about 24 hours. The peak impact occurred after the O, transfer
observation period. This may infer that we had even greater transfer efficiency than observed. This data
also indicates that significant O, uptake was likely occurring for another 12 hours after observation. If
uptake occurred at the average rate of 7 Ibs per hour, the consumption of all of the added oil would be
concluded. There is therefore evidence that most of the oil was degraded within 24 hours. Reactor

Figure 2-11: Supplemental O2 Uptake Rate
(for Oil Addition - Increase in O2 Uptake over background)
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temperatures increased by about 2°C following the oil addition.
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The addition of syrup in the third test created a much less dramatic response even though a similar
amount of readily degradable, oxygen demanding organics was added. Figure 2-12 shows the
accumulated increased oxygen transfer following supplemental feed addition.

Figure 2-12: Qil Addition Tests
Accumulative Increase in Oxygen Uptake over Background
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During the period of observation only a fraction of the added oxygen demand was consumed in the
reactor. Figure 2-13 shows the boiler energy input to the reactor during the test response. Although other
factors can influence the boiler input, the response appears to show a reduction of about 400,000 BTU’s
over a 30-hour period. This reflects only somewhat more than the 325,000 BTU’s added in the form of
oil. The response was extended by limited oxygen availability after the addition of oil, which resulted
from a low aeration rate. The reason for the apparent slow response and lack of energy release from the
sugar addition is not known. This difference in response may indicate that even simple and highly
degradable carbohydrates are processed differently (and less effectively) in the VERTAD™ process in
comparison to fats.
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Figure 2-13
ENERGY INPUT
Sugar and Oil Addition Test
Dec. 13, 1999
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Figure 2-14 shows the response from the oil addition. The extent of energy input reduction and the
shorter duration are in contrast to the sugar addition test. The extended response is at least partly due to
limited oxygen transfer after oil addition. Sugar addition did not produce peak oxygen transfer.

Figure 2-14
. Qil Addition Test 11-23-99

T LT T ]

" AT |
/

{Injected 25 pounds of il |
\ : ,

40.000
) AN
+——{Injected 10 pounds of oi } Ly A
= ) )
o i,

xygen

B
g

Boller Energy tnput - avg. (BYUMr)
8

L
10,000
172399 1172399 112389 1172309  11/2389 Y2399 11/2399  11/2399 1172309 1172388 112399 112309 1172400  11/24/89 1112499 1172499  11/2499 1112498 11/2499
000 200 400 800 800 10.00 12.00 14:00 1600 18 0C 2000 2200 000 200 400 600 900 1000 1200

Date and Time

2.5.13 Energy Release and Loss

Heat Balance - A heat balance for Test 3 conditions is shown on Table 2-22. This table also provides
estimated heat balances for detention times ranging from one to 10 days using assumed volatile solids
reductions efficiencies and Test 3 operating conditions.
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{Fced Solids
{Supplemental Energy 10°BTU/day 2001

The heat balance estimates are derived from the previously described biological energy of degradation
and heat loss to the environment. The estimated biological energy release is based on assumed volatile
solids reductions for greater than four-day detention times. These assumed values are generally based on
experience with ATAD systems. This information has not been developed for the VERTAD™ process.
The reactor heat loss estimate includes any energy derived from aeration mixing. About 20 percent of the
compressor energy is available as hot water (122F). Total possible recovery of the compressor energy is
95 percent. Most of this recoverable energy is available as rejected low-grade heat that can be used to
heat buildings if the compressors are properly housed. Aeration energy losses are calculated based on
psychrometric data for hot saturated air. The product heat loss is based on product mass and temperature
measurements,

Based on these balances, the supplemental heat provided by the boiler to maintain the process operating
temperature of 56°C during Test 3 was about 1.5 * 10°BTU/day. Significant additional heat would be
needed to operate at one through three day detention times (about 4*10° BT U/day more for a one day
detention time). Less energy is required to operate at five to ten day detention times. These energy
demands are specific to the test facility.

~ Table 2-22: VERTAD'™ Heat Balance Summary - Operation @ 56°C _
Detention Time 2 day ;

% 25

{Aeration Energy 10°BTU/day -1,021
Biological Heat Addition | 10°BTU/day 2,544

1,390
2,901

Assumes 7,350 BTU/b. VS destroved and 0.7°C/hour heat loss

Heat balances for the demonstration reactor were also developed for operation at a range of temperatures
and detention times as shown on Figure 2-15. The supplemental energy demand for maintaining a 70°C

operating temperature at a 4 day HRT is estimated to be about three times the requirement for 56°C with
Test 3 environmental and feed conditions.
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Figure 2-15: VERTAD Demonstration Facility
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Process Scale Up - This thermophilic process relies on energy released during biological degradation to
maintain operating temperatures. Therefore, the amount of energy available from degradation and the
heat loss to the surroundings must be balanced to maintain desired operating temperatures. The test
reactor has more heat loss than can be generated by degradation because of subsurface water and a high
surface area to volume ratio. The test facility therefore requires a supplemental heat source.
Supplemental heat will not be needed for larger reactors or reactors with insulation or more favorable
subsurface geology.

Larger VERTAD™ reactors will have a very different heat balance due to lower surface area to volume
ratio. In other words, less energy can be lost from the surface per volume of energy creating material in
the reactor. Figure 2-16 compares the energy loss to the surroundings and off gases with the energy
produced by the process biota. This indicates that for the same subsurface conditions experienced during
Test 3, auto-thermal conditions would be attained with a single 2% foot diameter reactor. Auto-thermal
conditions could also be achieved with smaller reactors by insulating the reactor walls or locating in more
favorable geological conditions. Clusters of small reactors would act like a larger reactor because the
heat loss from each would be reduced by the proximity of the others.
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Figure 2-16: VERTAD Reactor
Energy Production vs Energy Loss
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Reactors or groupings of reactors large enough to be auto-thermal would need to be provided with heat
removal capability. Overheating of the reactor will result in a slowing of biological activity. The low-
grade energy produced by reactor cooling may have potential value for use at the treatment facility or as
an industrial heat source. For the test site conditions and third test operating conditions it is estimated that
a 10 foot diameter reactor would produce about 48,000,000 BTU per day or 52,000 gallons per day of
water at 70°C (158°F). An additional 16,000,000 BTU per day or 20,000 gallons per day of water at 55°C
(131°F) could be recovered by cooling the product.

2.5.14 Aeration and Oxygen Transfer

Head tank oxygen was measured for a variety of aeration rates and operating conditions using two oxygen
gas analyzers. The results of some of this work was reported in the discussion of supplemental feed.

With supplemental feed, oxygen transfer efficiencies (OTE) as high as 61 percent were measured. This is
significantly above published results for surface tankage of 10 to 30 percent (Ref 12, pg. 497). Figure 2-
17 shows the results of a series of tests conducted during the 1999 test period. These results were
obtained during normal feed conditions. Testing was conducted to determine the best mix of upper and
lower aeration. This testing documented that the most effective aeration method was to inject most of the
air in the lower zone. The results presented in Figure 2-17 all involve primary aeration to the lower zone.
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Figure 2-17
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The results show considerable variation in OTE and mass oxygen transfer. The only clear trend is
constantly increased mass transfer with increased aeration. The variability may be explained by Figure 2-
18 which plots the peak measured OTE against the reactor solids content. This shows an apparent
relationship with OTE potential decreasing as reactor solids content rises above 4.5 percent. A similar
relationship was observed for VSR on Figure 2-5. The results indicate that a conservative design OTE for
reactors operating with less than 4.5 percent solids content is 50 percent.
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Figure 2-18: Peak Oxygen Transfer Viscosity Effects
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The demand for oxygen associated with volatile solids reduction is also an important design criteria.
Table 2-23 shows the measured oxygen demand per mass of volatile solids degraded as measured at four
times during the 1999 test period. The data is for normal steady state operating conditions without
influence of aeration setting changes or supplemental feed.

HRT (days) | VSR (%) Oxygen Transfer j

, Aeration (scfm) | Transfer (pphr O;) | O, Demand /b VSR ‘

11/18/99 4 33 38 15.7 1.88 i
11/26/99 3.4 42 35 16.2 1.73 ’
12/9/99 5.5 44 28 7.4 1.73 - ’
12/14/99 5.5 44 19 8.7 1.79 ]

]
]

The results indicate an average oxygen demand of about 1.8 and a peak demand of about 1.9 pounds of
oxygen per pound of volatile solids degraded. This result tends to support the concept of significant
degradation of fat. However, the measured fat content of the feed has never been high enough to justify
oxygen demand as high as shown on Table 2-23.
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2.5.15 Operating Temperature

The demonstration facility has been successfully operated over a range of temperatures from 56°C to
67°C. Hotter temperatures appear to result in improved oxygen transfer and VSR. However, the amount
of moisture removed with the off gas increases exponentially with temperature. A balance point appears
to be 60°C for the design concept favored by the developer. This is based on 60°C being much better than
65°C in terms of water loss that has to be controlled with a biofilter. Ultimately, the larger the water loss,
the bigger the heat exchanger on the biofilter. Designing for operation at 60°C is conservative (our testing
indicates that there could be much greater destruction efficiency at 65-70°C, so long as the viscosity is
controlled). Because of this conservatism, the plant potentially has additional capacity in case of
permanent or temporary increased loading. The operating temperature of the reactor also influences the
performance of flotation thickening. Somewhere above 60°C, ammonium bicarbonate is unstable and
dissociates. This results in more ammonia in the off-gas (which has to be recaptured in a biofilter or
scrubber) and less ammonium bicarbonate in solution for the acidification/float separation stage.

2.5.16 Reactor Mixing

Reactor mixing aeration characteristics have been observed while operating with water and with
biological processing. The upper zone operates hydraulically as a plug flow reactor with large internal
recycle and turbulent flow. This was confirmed before start-up by injecting acid into the recycle down-
comer line and monitoring the pH and later using lithium as a tracer. In startup testing, the period
between pH spikes (depending on the aeration rate) was 60 - 75 seconds corresponding to a riser velocity
of approximately 1 m/sec (3.3 ft./sec) and down-comer velocity of 3.6 m/sec (12 ft./sec). Voidage was
determined by measuring the liquid level change in the head tank where 3.3m (10.8 ft.) of voidage
produced 0.3m (1 ft.) of head tank liquid level rise.

The lower reactor was designed to operate as a plug flow with localized back mixing. A lithium tracer
study was conducted in clean water with a low rate of lower zone aeration (20 scfm). The lithium was
pulse loaded. The results indicate that the lower zone is mixed over a period of 8 to 16 hours. The entire
reactor behaves like two complete mixed reactors during this time period. Considering times longer than
one day the reactor behaves like a single complete mixed reactor. Increased lower aeration rates may
increase mixing in the lower zone and transfer between the upper and lower zones.

A lithium trace during biological operation indicated mixing throughout the aerated portion of the reactor.
After injection of lithium to give 100ppb in the head tank, the first batch out contained only the
background level of lithium (10 ppb) which indicates no mixing in the soak zone. The second batch (first
from the lower aerated zone after lithium injection) contained 40 ppb and the third, fourth and fifth
batches contained about 60 ppb. The test was done at aeration rates about 50 percent higher than the
theoretical air requirement. There are about 11 batches in one reactor volume. Additional testing is
desirable to identify the short duration mixing in the reactor. This is potentially critical for assuring that
short-circuiting does not occur during Class A compliance.

The zone at the bottom of the reactor (soak zone) has no aeration or mixing. The oxygen is supplied
entirely in the dissolved form during transfer from the lower reactor to the soak zone. Because there is
limited circulation in the portion of the reactor above the soak zone, near saturation levels of dissolved
oxygen (D.0.) can be achieved. In clean water, residual D.O. levels-of 55 mg/L at 15°C were recorded.
This residual D.O. was recorded at atmospheric pressure at the surface. It is estimated (from
measurement made on other deep shaft plants) that the soak zone could achieve 75 mg/L at 15°C and 10
atmospheres of pressure. The lithium tracer study found no evidence of mixing in the lowest soak zone.
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Before the initiation of the 1999 test series, a clean water mixing test was completed using sodium
chloride. The results are shown on Figure 2-19. This test found complete mixing of the two mixed zones
in about 4 hours. Evidence of salt movement through the soak zone was observed about 4 hours after salt
addition. This test verifies the plug flow nature of the soak zone in the demonstration reactor. Similar
verification or modeling would be necessary to document plug flow conditions in large reactors for
purposes of Class A time and temperature compliance.

Figure 2-19
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2.5.17 Off Gas and Odors

On December 20, 1999 samples were collected to measure the odors generated by the VERTAD™
process and the effectiveness of the biofilter for odor treatment. At the time of testing the compressor
was operating at 41 percent (736 scfm). The airflow to the biofilter (measured with a hot wire
anemometer) was 670 scfim. Air temperature of biofilter feed flow was 20.5°C. The calculated loading
on the biofilter was 2.8 feet per second face velocity. The nominal detention time was 1.4 minutes. The
result of the odor panel work is provided as Figure 2-20. These results lead to the following conclusions:

1. Most of the VERTAD™ demonstration facility derived odor comes from the feed tank (16,463
D/T in 675 scfm) rather than the VERTAD™ reactor (1,468 D/T in 36 scfim).
a) For the VERTAD™ process off gas prior to the feed tank, the odor panel used more odor
character descriptions such as compost, earthy and vegetation although the typical sludge and
manure are still used.
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b) Passing the off gas through the feed tank changed the odor panel characterizations to focus on the
sludge and manure type odors.
2. The biofilter removed 99.5 percent of the odor loading (16,463 D/T in and 79 D/T {avg} out).

to

VERTAD Off Gas Feed Tank Off Gas Biofilter Exhaust
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Section 3
VERTAD™ Technology implementation

Several options are available for incorporating the VERTAD™ technology into the King County
wastewater management system. These options will be reviewed in the following section of the report.
Most of these options were evaluated during the testing program. Those that were tested have been used in
developing alternatives, including a conceptual design of facilities that could be used at both of the existing
treatment facilities and at the planned new facility. Planning-level cost estimates are presented for these
alternatives. The sensitivity of these estimates to changes in design assumptions is also evaluated.

3.1 Digestion Performance Objectives

The VERTAD™ process is designed to provide wastewater solids stabilization that would supplement or
replace the anaerobic digestion process currently used by King County. In addition, VERTAD™ is
capable of upgrading the resulting biosolids product from Class B to Class A pathogen control designation.
Providing these functions at the lowest cost is always an overriding criteria for wastewater management.
The objectives for VERTAD™ digestion alternatives relative to these basic criteria (stabilization, Class A
and low cost) are explained in the following discussion.

3.1.1 Project Objectives

The VERTAD™ process was initially selected by the County for demonstration because it had the
potential to assist with several goals for the West Point Treatment Plant:

* Reduced space requirement and the potential for future removal of existing anaerobic digesters

= Reduced truck traffic
* Improved odor control capability

3.1.2 Regulatory Issues

" 40 CFR 503 and WAC 173-308 define the Vedor Attraction Reduction (VAR) and Pathogen control

requirements for beneficial utilization of biosolids as practiced by King County. Although a variety of
options are provided for satisfying these regulations the most common method of VAR compliance is by
measuring the reduction in volatile solids content through the digestion process. A minimum of 38 percent
reduction is required. Although the volatile solids test has the potential for inaccuracies it is the method
utilized in this evaluation for documenting VAR compliance. :

The regul;tions also provide several options for complying with the Class A pathogen control designation.
The advantage of a Class A product is that it can be distributed to users without regulatory constraint or
permits once the processing requirements are achieved. For VERTAD™, the compliance method of choice
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1s Alternative | Regime D as defined in 40 CFR 503.32(a)(3)(ii)(D). This option allows compliance in a
relatively short period over the typical operating temperature range. For example, at an operating :
temperature of 60°C, the required contact time for Class A compliance is five hours. At 65°C the contact
time requirement drops to one hour. ‘

3.1.3 Economic Factors

The economics of VERTAD™ are influenced by a variety of factors, most of which will be considered
during the comparison of altemnative costs:

Volume / Weight Reduction — Tests indicate that VERTAD™ performance results in less volume
and weight of biosolids that must be transported and land applied or composted.

Dewaterability — The VERTAD™ process (including pH shift gas release flotation thickening) has
the potential to deliver a thicker product while using less polymer.

Energy Recovery — VERTAD™ produces excess energy in the form of low grade hot water and
hot air. These can be captured and used for heating solids prior to digestion and for space heating
at the treatment facility and off site commercial development. Combining VERTAD™ with
anaerobic digestion would provide the benefit of digester gas production as well as usable hot
water. The optimum split between aerobic and anaerobic digestion has not yet been determined.
Energy Cost - Recent experience with energy price volatility demonstrates the importance of
evaluating the impact of energy cost on the altemative comparisons.

Reactor insulation — Insulation of the VERTAD™ reactor would increase the recovery of heat and
decrease the loss of heat to the groundwater. The cost benefits would need to be determined during
design. Insulation of the reactor is not included in this evaluation of alternatives. The impact of
heat flow into groundwater has also not been evaluated as a part of this study.

Nitrogen Content —- VERTAD™ rejects a significant fraction of feed nitrogen as ammonia in the
off gas and dewatering liquid side stream. This may result in a reduced fertilizer value for the
product, but may also reduce application costs by allowing greater application rates per unit area.
Side Stream Characteristics — The impact of return liquid flow from the dewatering of
VERTAD™ product on the wastewater treatment process has not been determined.

Class A Product — Permitting and oversight costs should be less for utilization of a Class A
product compared to a Class B product. In addition, it may be possible to develop a product for
local markets that would reduce current haul and application costs.

3.1.4 Aesthetic Issues

Odor — Odor control for the digestion process is included in the process design as described in
detail later in this section. The odor of the product may also be an issue if the product is used for
land application or as a feedstock for composting.

Product Aesthetic Characteristics — Since VERTAD™ is an aerobic process, the product is a
lighter color and less odorous than the anaerobic product. This change will likely result in a need
to redevelop existing markets to obtain acceptance or develop new markets for the material.

3.2 Potential Applications for Enhancement or Replacement of Existing
Anaerobic Digestion Systems

The basis for funding of this demonstration program has been the promise of benefit to the County's
wastewater management system. Several attractive options for utilization of this technology by the County
are available and appear to be technically feasible based on the information gathered to date.
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The VERTAD™ process performance indicates potential for several digestion processing configurations.
The process can perform as a stand alone process, in sequence with anaerobic digestion (either mesophilic
or thermophilic), or in combination with the Centridry process.

3.2.1 VERTAD™ Digestion

A VERTAD™ reactor can provide a stable, aerobic, Class A biosolids product. Dewaterability tests
indicate that the VERTAD™ digested product dewaters very well in comparison to anaerobic solids
particularly after pH shift gas release flotation thickening. Dewatering tests also support this approach
with greater than 30 percent TS product from dewatering hot product. Initial tests indicate that the process
can provide a Class A stabilized product on a very small processing footprint.

During demonstration testing, the VERTAD™ biological process was found to be very stable and required
very little operator time or laboratory support for operations. The process was interrupted numerous times
by non-process related mechanical and electrical problems, but quickly recovered with minimal operator
involvement. This characteristic may indicate lower potential operational labor requirements for the
process than anaerobic¢ digestion.

3.2.2 Coupled VERTAD™ and Mesophilic Anaerobic Digestion

Linking the process with anaerobic digestion may provide substantial benefits including production of high
quality biosolids product, high solids destruction efficiency, gas production, and good dewatering
characteristics of the digested product. VERTAD™ could be used as an initial digestion step before
anaerobic digestion or as a final step before dewatering. The VERTAD™ pretreatment step could be
designed to maximize solids destruction (day SRT) or to solely meet Class A time-temperature
requirements (1.5 day SRT). Following are some of the potential benefits of these combined processes:

VERTAD™ processing followed by anaerobic digestion operated for maximum solids destruction .

a) Production of Class A biosolids at a three to four day retention time

b) Additional anaerobic digestion yields total volatile solids reduction of 65-70 percent

c) Hot product from VERTAD™ reduces heat requirements in following anaerobic process

d) Excess heat can be recovered for digester or general plant heating

e) pH shift gas flotation thickening prior to feeding anaerobic digestion minimizes the required size of
the anaerobic tanks

f) Good mixing characteristics in anaerobic digester — no foam, scum

g) Good dewatering performance of final product

VERTAD™ operated for minimum time and temperature to produce a Class A product, followed by
anaerobic digestion. . .

a) Class A time and temperature requirements achieved at 1.5 day SRT in VERTAD™; Required
footprint is very small.

b) Hot, thickened sohds dehvered to anaerobic digestion minimizes digester volume and heating
- requirement

c) Estimated total volatile solids reductlon in excess of 60 percent

d) Significant gas production

e) Good mixing characteristics in anaerobic digester
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f) Good dewatering performance of final product

Anaerobic digestion followed by VERTAD™

a) Anaerobic digester operated to maximize methane production efficiency allowing reduction of
digester retention time from about 30 days to 10 days or less

b) Small facility footprint

c) Class A Pathogen Control

d) Anaerobic pretreatment may improve solids destruction efficiency in VERTAD™

e) pH shift gas flotation thickening prior to dewatering may remove dissolved degradation products
that inhibit dewatering, thereby improving dewatering performance and reducing polymer demand.

f) Aerobic product may reduce odor potential during dewatering, hauling and application.-

3.2.3 Coupled VERTAD™ and Thermophilic Anaerobic Digestion

The excess heat generated by VERTAD™ is very compatible with maintenance of thermophilic
temperatures in the linked anaerobic process. The advantage of this approach may be reduced retention
requirements in the anaerobic digesters, which translate to less cost and even smaller footprint.
VERTAD™ following anaerobic thermophilic digestion may provide a more aesthetically desirable and
more easily dewatered product.

3.2.4 Coupled VERTAD™ and Centridry

Providing VERTAD™ digestion followed by Centridry would yield a small volume of Class A dried
product. Composting would not then be required to provide a Class A product as is currently anticipated
with anaerobic digestion followed by Centridry. Preceding drying with an aerobic process may also reduce
the odor concems currently associated with using Centridry with anaerobic sludges. Initial tests indicate
that the drying performance of Centridry may also be improved as a result of the apparent greater
dewaterability of the VERTAD™ product. Less polymer or drying heat may be required with the
VERTAD™ product.

3.2.5 Coupled VERTAD™ and Short Duration Composting / Reduced Cost Class A Compost or
Topsoil Product ’

Because VERTAD™ product satisfies Class A pathogen criteria, the composting process does not need to
be designed to comply with Class A procedures. This provides potential cost savings by reducing the time
required for processing. For example, GroCo, Inc., the County's current contractor may be able to reduce
the current composting period from one year to one to six months. In addition, they may be able to reduce
the amount of sawdust required as a bulking material because of the higher solids content. These changes
could effectively increase the site capacity by ten fold while reducing the per ton processing costs. In a
personal communication with Curley Winebrenner (Ref. 18) he speculated that a tip fee reduction of 25 to
30 percent may be justified. The product would likely have different characteristics than the current GroCo
product. A significant marketing effort would be required to develop a market for this material that
exceeds the current long term market for GroCo. There is also risk of losing a portion of the GroCo market
ds a result of a change in the product character.

Using a Class A biosolid as an ingredient in the manufacture of commercial topsoil products is a major

potential market. This market is currently being explored by the County for the Centridry product, but may
also be suitable for dewatered VERTAD™ product. It is very possible that between reduced haul costs for
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a local market and reduced mbnitoring and administrative costs, that the overall costs of biosolids
management and reuse will be substantially reduced compared to current costs.

3.2.6 Use of VERTAD“" for Management of Food Waste and Biosolids

A recent evaluation of organics waste management methods by the County (Ref. 3) considered the potential
for co-managing biosolids and source separated food waste and biosolids in a common facility. The
VERTAD™ technology seems particularly well suited to this use. The ability of the process to rapidly
degrade fats and protein with the production of heat and a Class A product may provide a cost effective
method of managing source separated food waste. The potential for utilizing food waste management
techniques seem to be particularly attractive as a feature of the planned North Treatment Plant.

3.2.7 Alternatives Selected for Comparison

Testing of the VERTAD™ process to date has focused primarily on documenting performance as a stand
alone stabilization process. Bench scale evaluation of mesophilic anaerobic digestion following
VERTAD™ was completed by University of Washington researchers (Appendix A). In addition, a single
batch of VERTAD™ product was processed through the Centridry system.

Available facilities and resources prevented the testing of VERTAD™ following short duration anaerobic
digestion. Any work with thermophilic anaerobic digestion was also prevented by lack of resources. So,
although these process configurations hold significant promise, they will not be carried forward to the
alternative comparison phase due to a lack of sufficient process design information. Similarly, the
information available for processing VERTAD™ product through Centridry is msuﬁicxent to define design
parameters.

Those process configurations that have sufficient design basis information for altemative development
include: ’

1. VERTAD™ 3as a stand alone stabilization process
2. VERTAD™ followed by mesophilic anaerobic digestion.

This selection is based qh availability of information and does not indicate that these process configurations
are better in any way than the other configurations discussed above.
3.3 Full-Scale VERTAD™ Process Design Features

3.3.1 VERTAD™ Design Parameters Based on Demonstration Testing

Demonstration testing has identified several critical design parameters that determine the performance
sizing, and cost of VERTAD™ systems.

Reactor Viscosity — Oxygen transfer was found to be significantly reduced at reactor total solids content in
excess of 4.5 to 5 percent TS. To allow high oxygen transfer rates the total solids content in the reactor
has been limited to 4.3 percent for alternatives where 50 percent or greater oxygen transfer is desired. For
alternatives with short detention time in the reactor, the design TS content was above 4.5 percent and lower
oxygen transfer efficiencies were assumed.
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Aeration Rate and Transfer Efficiency - The aeration rate is determined by oxygen transfer requirements.
Mixing is adequate if aeration demands are met. Oxygen transfer efficiencies as high as 61 percent were
measured during the demonstration testing. A maximum design value of 50 percent transfer has been
selected for the purpose of developing the alternatives.

Flotation thickening - Initial testing indicates that the acidification of VERTAD™ product results in the
release from solution of gas bubbles of carbon dioxide. These bubbles will float thicken the product in the
same manner as a dissolved air flotation system. This was also shown to have a beneficial effect on
dewatering. Research (Ref. 7) has found that biopolymers and sodium associated with the liquid fraction
of digested solids reduce dewatering effectiveness and increase polymer demand. The flotation step may
separate these undesirable constituents from the solids prior to the dewatering process, thereby reducing
polymer demand.

In alternatives involving dual digestion, a critical factor in the design was the intemal concentration in the
anaerobic digester. Since there is little data regarding operating a digester at high solids concentration, this
parameter was conservatively set at 4.5 percent. So despite the fact that the concentration of the float
thickened solids can be up to 12 percent, significantly reducing downstream tankage and dewatering
equipment, approximately 7 percent was the maximum allowable float concentration to stay within the
digester constraints.

In straight VERTAD™ options, a 10 percent float thickness was used. A 95 percent capture efficiency
was used for the flotation cell. The acid requirement to float is 0.0004 gallons of 93 percent H,SO, per
gallons of VERTAD™ product. Surface area of the flotation cells is set by the allowable surface loading
rate of 1.8 pounds of solids per square foot per hour.

Linked Anaerobic Digestion — The University of Washington evaluation found that anaerobic digestion
detention times of 11 and 15 days preceded by four days of VERTAD™ digestion provided a high degree
of VS reduction (63 and 66 percent). Since the design detention times for anaerobic digestion are
significantly higher than those used in the study, the assumed VS reduction used in the evaluation are 65
percent for Class A VERTAD™ and 70 percent for four days in VERTAD™ followed by anaerobic
digestion.

Temperature and pH — Somewhere above 60°C, ammonium bicarbonate is unstable and decomposes. This
results in more ammonia in the off-gas (which has to be recaptured in a biofilter or liquid scrubber) and
less ammonium bicarbonate in solution for the acidification/float separation stage that follows the
VERTAD™. The ammonia and CO, are liberated from this decomposition. The ammonia re-adsorbs into
solution much more readily than the CO,, raising the pH from approximately 8 to 8.8. In terms of design,
this means an increased sulfuric acid requirement (in reactors operating above 60°C) in the flotation stage
that follows to depress the pH to the point where CO, is released (approximately pH 5).

In addition, a 60°C operating temperature is much better than 65°C in terms of water loss from the reactor
that has to be managed with a biofilter. Ultimately, the larger the water loss, the bigger the heat exchanger
on the biofilter. Designing for operation at 60°C is conservative (testing indicates that there could be much
greater destruction efficiency at 65-70°C, so long as the viscosity is controlled). Because of this
conservatism, the plant has additional capacity to handle peak loading conditions.

Residence Time — Volatile solids reduction of 38 to 45 percent have been demonstrated when operating

VERTAD™ at three and four day detention times. For purposes of altemative development the
conservative detention time of four days will be used.
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3.3.2 VERTAD™ Process Design Concepts

Three process configurations using VERTAD™ are evaluated in this analysis. The VERTAD™ process
design conceptual flow diagrams for these process configurations are provided on Figure 3-1.

Figure 3-1: VERTAD™ Process Flow Diagrams

VERTAD™ SAFT Anaerobic Dewatering

4 days
Concept 1: VERTAD™ Digestion Followed by Anaerobic Digestion
VERTAD™ SAFT Anaerobic Dewatering
1.5 days
Concept 2: Class A VERTAD™ Followed by Anaerobic Digestion
VERTAD™ SAFT Dewatering
4 days

Concept 3: VERTAD™ Stand Alone Digestion Process

3.3.2.1 Concept 1: VERTAD™ Digestion Followed by Mesophilic Anaerobic Digestion

This concept is designed to take advantage of the known optimum capabilities of the aerobic and anaerobic
processes. VERTAD™ can theoretically be effective for pre-processing solids before anaerobic digestion -
or for providing the final stabilization following an initial anaerobic digestion. In either case, the detention
times used are expected to be shorter than normally used by either process alone. Gas production, energy
requirements and product quality would be expected to vary significantly between these two approaches.
Since only the approach with VERTAD™ preceding anaerobic digestion has been tested to date, this is the
alternative that will be evaluated.

The objective of this alternative is to provide sufficient aerobic thermophilic and mesophilic anaerobic
digestion capacity to produce a well stabilized, Class A biosolid that dewaters to a high solids content with
relatively low polymer demand.” To accomplish this the selected detention times are four days in the
VERTAD™ reactor, which provides a Class A, stabilized product. It is then followed with 24 day
detention mesophilic anaerobic digestion to provide stabilization and compliance with VAR. The 24 day
detention was based on the University of Washington study which found that performance is excellent with
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a 15 day detention time. The 24-day average annual detention provides about 16 days detention time at
peak loading conditions.

The VERTAD™ process consists of a deep aerated reactor with high and low rate mixing zones and an
unmixed Class A contact zone. Flow through the reactor is from top to bottom. The process off gas is
treated by a liquid media biofilter located in the reactor head tank. Since large volume VERTAD™
reactors produce excess heat, they must be cooled to maintain the desired operating temperatures for
optimum performance. Primary cooling is provided by a sludge to water heat exchanger that draws from
the reactor, cools, and retums the matenal to the reactor. Heat is also removed from the biofilter to
maintain appropriate temperatures for the micro-organisms that degrade the captured odorous compounds.
A water to water heat exchanger is used for this purpose. The product from the reactor is used to pre-heat
the feed solids in a sludge to sludge heat exchanger.

3.3.2.2 Concept 2: VERTAD™ for Class A followed by Mesophilic Anaerobic Digestion for VAR

This concept is based on the finding of the demonstration testing that the VERTAD™ digestion process can
degrade a significant portion of the volatile fraction during a two-day detention time. The objective of this
process design is to use VERTAD™ to satisfy Class A pathogen requirements with a minimum detention
time and provide the balance of stabilization with mesophilic anaerobic digestion. Based on energy balance
information developed during the demonstration study a 1.5-day detention time was selected as the
threshold of auto-thermal operation of the VERTAD™ reactor. Sufficient energy is generated in the
VERTADT™ process to heat both the aerobic and the anaerobic processes.

This system has an odor control and heat management system similar to the previous concept except that a
heat exchanger 1s not provided to cool the reactor. This is not needed because the reactor is designed to
operate at near energy balance. The other two heat exchangers can be operated to maintain appropriate
temperatures in the reactor.

3.3.2.3 Concept 3: VERTAD™ Digestion

VERTAD™ can serve as the sole stabilization process. Demonstration testing indicates that thermophilic
aerobic digestion can be completed with a solids retention time of four days. Digestion is not as extensive
as provided by combined anaerobic / aerobic systems, so product dry weight quantities are greater than for
the other two concepts. Demonstration testing found that the VERTAD™ product can be floated by
adding acid to release dissolved carbon dioxide as gas. This separation provides a thicker feed to
dewatering and also improves dewatering performance relative to solids content and polymer demand. This
flotation process has been included in all of the VERTAD™ process flow sheets.

3.3.3 Comparative Anaerobic Digestion Processes

In addition to costs for these VERTAD™ alternatives, costs are also presented for comparable anaerobic
digestion based altematives. The costs for these altematives are based on cost estimates developed by
Brown and Caldwell for the South Treatment Plant (Ref. 2). These alternatives include the following
design assumptions:

Mesophilfc Anaerobic Digestion — This is the existing digestion technology used at the South and West
Point Treatment Plants. Generally the process provides at least 55 percent volatile solids reduction with a
24 day detention time. The product is assumed to dewater to 20 to 24 percent total solids (with centrifugal
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dewatering). Gas production is typically 15 cubic feet per pound of volatile solids removed.

Thermophilic-Mesophilic Digestion — This technology uses a shorter duration thermophilic digestion step
followed by a longer mesophilic step. Thermo-meso digestion has been operational at full-scale by other
facilities for several years. A pilot-scale demonstration of the technology has been completed at the West
Point Treatment Plant. Generally the process provides 65 to 70 percent volatile solids reduction with a 20-
day detention time. The product is predicted to dewater to 23 - 27 percent total solids (with centrifugal
dewatering). Gas production is typically 15 cubic feet per pound of volatile solids removed. The plan for
the South Plant consists of converting two of the four existing digesters to be able to operate as
thermophilic digesters. One digester at a time would operate thermophilically while the three remaining
would operate mesophilically, in parallel.

Thermo-meso Digestion with Batch Time-Temperature Class A Process — This process is similar to the
previous except a batch time-temperature process is added between the thermophilic and mesophilic phases
in order to achieve compliance with Class A criteria in a manner similar to the soak zone of the

» VERTADT™ reactor. '

Table 3-1 provides the equipment and facility design sizing criteria for each of these concepts.
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D —
Table 3-1: Equn ment and Fac|I|t|es De5|gn Slzmg Criteria i
" Cat 4egory "] Units _ Sizing Criteria E
! VERTAD™ Reactor Depth 0 feet 350 |
’ 4 ! ¢
VERTAD™ Reactor Detention Times [ ¥
& VERTAD™ to Anaerobic-Concept 1 'y days 4 (at annual average flow) 1
Class A VERTAD™ to Anaerobic-Concept 2 | days 1.5 (at annual average flow) i
VERTAD™ Alone-Concept 3 H days 4 (at peak 3 week flow) ;
't I
H Anaerobic Digester Detention Times £ (all at average annual flow) 43
a Mesophilic Anaerobic d days 31 i
g Thermo-Meso Digestion H days 6.2/18.5 h
2 Thermo-Meso-hot tank in Series ' days 6.2/18.5/0.5 i
VERTAD™ to anaerobic i days 24 H
3 Class A VERTAD™ to anaerobic 4 days 241028 :
 Overall Volatile Solids Reduction q il
! VERTAD™ Alone .'gL% 40 B
Mesophilic Anaerobic 2 IR 55 i
Thermo-Meso Digestion A % 65 !
£ Thermo-Meso-hot tank in Series ;F % 65 i
£ VERTAD™ to anaerobic d % 70 ;
; Class A VERTAD™ to anaerobic 1 % 65 ‘
il VERTAD™ Class A Compliance # ;
Time itl hours 10 (twice required time) H
‘,. Temperature 60 ;
VERTAD™ oxygen Transfer Efficiency
; 4 day VERTAD™ 50
: 1.5 day Class A VERTAD™ 351040
5| Polymer Demand
’ VERTAD™ Alone 20 b
Mesophilic Anaerobic 35 ]
Thermo-Meso Digestion 35 i
5 Thermo-Meso-hot tank in Series 35 H{
VERTAD™ to anaerobic 25 i
B Class A VERTAD™ to anaerobic 25 1
i |
{{ VERTAD™ATD Gas Flotation Product : 6.9 1 10 E
H Dewatering Performance L ]’3
' VERTAD™ Alone T %Ts 30 i
Mesophilic Anaerobic A %TS 234 ﬁi
Thermo-Meso Digestion E !
ks Thermo-Meso-hot tank in Series il
i VERTAD™ to anaerobic ki ;
l: Class A VERTADTM to anaerobic :,

3.3.4 Operational Design Features -

The vertical, deep reactor configuration of the VERTAD™ reactor raises several specific design issues.
For purposes of this cost estimate it is assumed that the following features are included in the VERTAD™
facilities being evaluated:
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1. Materials and Corrosion ~ Standard mild steel casing material has been shown to provide long lasting
service and corrosion resistance without special coatings and is the assumed primary material for use
throughout the reactor.

2. Down Hole Equipment Repair — All process piping and equipment that is installed in the reactor will
be designed for easy removal from the reactor as required for repair. Surface access hatches are
assumed for removal with readily available rental equipment.

3. Struvite Management — Again, all internal equipment will be removable for maintenance if struvite

. deposits accumulate.

4. Grit Accumulation Removal — Experience indicates that grit will be removed with product and will not
accumulate in the bottom of the reactor. However, the access will allow removal of any accumulation
using small diameter piping and an air lift.

3.3.5 Alternative Descriptions

Several altematives for VERTAD™ implementation were developed for the West Point and South
Treatment Plants and the planned North Treatment Plant. A planning period of 20 years was used to
establish design criteria. In general, VERTAD™ facility would provide a large amount of digestion
capacity in a small amount of space. Construction would require few modifications to existing equipment
and would not disrupt operations. Implementation could be staged based on projected loads. There is the
potential to nearly double the solids digestion capacity at the existing plants in a very small footprint
without significantly modifying existing facilities.

Table 3-2 provides a summary of design loading data for the treatment plant alternatives. The data is
based on projected year 2019 solids loading.

¥
b Table 3-2: Treatment Fil_aﬁpj_wAltematwes Desugn Data
e SR AR AL AN NN A A 20 i MR A S S W) e AU G i
i ‘ Category Units Design Data. i
Solids Loading (Average Annual) v i
! West Point Plant | _D/day 110 if
b “South Plant | DT/day 103 i
i North Plant | DT/day 34 i
it} Solids Content (Average Annual) t
I West Point Plant %TS : 5.5 |
! South Plant | %TS 6.25 i
§§ : North Plant | %TS 55 ,
i }
’f‘ Flow (Average Annual)
!% WestPointPlant | gpd 480,000 El
i South Plant gpd 395,000
North Plant gpd 150,000

3.3.5.1 West Point Treatment Plant

The West Point Treatment Plant has adequate digestion capacity (with approved expansion) to serve the
facility for many years. This analysis is intended to document the potential for removal of digesters as
indicated in the initial objectives for the VERTAD™ demonstration project. Both alternatives being
evaluated involve providing mitial VERTAD™ processing of the solids prior to anaerobic digestion in
existing anaerobic digesters. The VERTAD™ capacity allows production of a Class A product using three
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or four of the existing anaerobic digesters. The balance of the existing digesters could be mothballed for
later use or removed.

Altemative WP-1 utilizes concept 1 as previously described. The primary design features of this
altemative include:

* Four - 12.3 foot diameter by 350 feet deep reactors to provide four days of treatment at
average annual solids loading.

* Compressors to provide 8,000 scfm of air pressurized to 150 psi.

* . Four sulfuric acid flotation units to thicken the VERTADT™ product prior to anaerobic
digestion.

* Three operational anaerobic digesters providing 24 days of treatment.

This alternative is projected to produce:

* Dewatered solids at 30 percent total solids concentration
= (Class A biosolids product
* Additional excess digester gas beyond that needed for digester heating

Appendix B provides detailed process flow diagrams for all altematives discussed in this section.

Appendix C includes the detailed VERTAD™ facility design basis loading and sizing calculation
spreadsheets.

Alternative WP-2 utilizes concept 2 as previously described. The primary design features of this
altemative include:

* Two — 11 foot diameter by 350 feet deep reactors to provide 1.5 days of treatment at average
annual loading

* Compressors to provide 3,600 scfm of air pressurized to 150 psi.

*  Four sulfuric acid flotation units to thicken the VERTAD™ product prior to anaerobic
digestion

* Four operational anaerobic digesters providing 27 days of treatment

This altemative is projected to produce:
s Dewatered solids at 30 percent total solids concentration

= Class A biosolids product
= Additional excess digester gas beyond that needed for digester heating

3.3.5.2 South Treatment Plant

Several altematives for adding digestion capacity to the South Treatment Plant are currently under
-consideration (Ref. 3). The anaerobic digestion based altematives that will be compared to VERTAD™
altematives for this facility include:

* Thermophilic-Mesophilic Anaerobic Digestion
* . Thermo-Meso digestion with Class A Holding tanks

The VERTAD™ alternatives being evaluated include all three concepts defined previously.
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Altemative SP-1 utlhzes concept 1 as previously described. The primary design features of this alternative
include:

* Three — 12.8 foot diameter by 350 feet deep reactors to provide four days of treatment at
average annual loading

* Compressors to provide 7,300 scfm of air pressurized to 150 psi

s Three sulfuric acid flotation units to thicken the VERTAD™ product prior to anaerobic
digestion.

»  Two operational anaerobic digesters providing 23 days of treatment

This alternative is projected to produce:

* Dewatered solids.at 30 percent total solids concentration
® Class A biosolids product
= Additional excess digester gas beyond that needed for digester heating

Alternative SP-2 utilizes concept 2 as previously described. The primary design features of this alternative
include:

* Two — 9.6 foot diameter by 350 feet deep reactors to provide 1.5 days of treatment at average
annual loading

* Compressors to provide 3,600 scfin of air pressurized to 150 psi

s Four sulfuric acid flotation units to thicken the VERTAD™ product prior to anaerobic
‘digestion

» Three operational anaerobic digesters providing 27 days of tréatment

This alternative is projected to produce:

®  Dewatered solids at 30 percent total solids concentratlon

* (lass A biosolids product

= Additional excess digester gas beyond that needed for digester heating

Altemative SP-3 utilizes concept 3 as previously described. The primary design features of this alternative
include:

Five — 12.3 foot diameter by 350 feet deep reactors to provide six days of treatment at average
annual loading and four days of treatment at peak three week loading

* Compressors to provide 12,000 scfm of air pressurized to 150 psi

Five sulfuric acid flotation units to thicken the VERTAD™ product prior to dewatering

No operational anaerobic digesters

This altemative is projected to produce:

s Dewatered solids at 30 percent total solids concentration
= (Class A biosolids product

3.3.5.3 North Treatment Rlant

The Ncrtli— Treatment Plant is a planned new facility to provide treatment capacity for the northern portion
of the County service area. Several altematives for providing digestion capacity to the North Treatment
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Plant have potential. Anaerobic digestion based altematives that will be compared to VERTAD™
alternatives for this facility include:

*  Mesophilic Anaerobic Digestion (Base case)
* Thermo-meso digestion with Class A holding tanks

The VERTAD™ altematives being evaluated include all three concepts defined previously.

Altemative NP-1 utilizes concept 1 as previously described. The primary design features of this altemative
include:

* Two - 10 foot diameter by 350 feet deep reactors to provide four days of treatment at average
annual loading

* Compressors to provide 2,400 scfm of air pressurized to 150 psi

* Two sulfuric acid flotation units to thicken the VERTAD™ product prior to anaerobic
digestion

* Two operational 67 foot diameter anaerobic digesters providing 24 days of treatment

This alternative is projected to produce:

* Dewatered solids at 30 percent total solids concentration
= Class A biosolids product
* Hot water and digester gas beyond that needed for digester heating

Alternative NP-2 utilizes concept 2 as previously described. The primary design features of this alternative
include:

* Two - 6.7 foot diameter by 350 feet deep reactors to provide 1.5 days of treatment at average
annual loading

*  Compressors to provide 1,200 scfm of air pressurized to 150 psi

* Two sulfuric acid flotation units to thicken the VERTAD™ product prior to anaerobic
digestion .

* Two operational 73 foot diameter anaerobic digesters providing 24 days of treatment

This altemnative is projected to produce:

* Dewatered solids at 30 percent total solids concentration
* (Class A biosolids product

* Hot water and digester gas beyond that needed for digester heating

Alternative NP-3 utilizes concept 3 as previously described. The primary design features of this altemative
include:

* Two - 12 foot diameter by 350 feet deep reactors to provide six days of treatment at average
annual loading and 4 days of treatment at peak three week loading

= Compressors to provide 3,600 scfm of air pressurized to 150 psi

* Two sulfuric acid flotation units to thicken the VERTAD™ product prior to dewatering

* No operational anaerobic digesters

This alieﬁiative is projected to produce: |

* Dewatered solids at 30 percent total solids concentration
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= (Class A biosolids product
»  Hot water

3.4 Implementation Costs Comparison
3.4.1 Basis of Cost Estimates

3.4.1.1 Objectives:

The objectives for the cost estimate include:

1. Develop cost estimates that are typical and consistent with estimates that the County has used for
previous evaluations.

2. Provide a cost estimate that provides a high level of confidence for the County that the costs are
reliable and realistic.
a. Support costs for components that are unusual (in the County’s experience) with documented

construction cost information from other facilities (Appendix C).

b. Use cost experience from County facilities when available.

3. Prowvide a cost protocol that can be used to easily update the estimates based on the results of further
testing.

3.4.1.2 Cost Estimating Procedure

The procedure for estimating alternative costs for VERTAD™ implementation uses an established cost
estimate format developed by Brown and Caldwell for the South Treatment plant digestion evaluation (Ref.
3). Capital costs are based on design and equipment sizing information provided by NORAM Engineering
and Constructors, Ltd. which hold the patent for the VERTAD™ process. NORAM has provided a
detailed schedule of services and equipment that would be provided by NORAM as a service associated
with the County use of the technology. NORAM also provided a guaranteed price for the services and
equipment that they would provide as well as a cost estimate for the balance of facilities required for a fully
functional VERTAD™ plant. In general NORAM will provide the following:

*  Process and Instrumentation drawings for VERTAD™ and associated features including odor
control
Complete layout and configuration drawings, including detailed piping schematics
Electrical line drawings '

" All mechanical equipment and instrumentation
Coordination and review of detailed structural and electrical design drawings and
specifications

* Construction oversight for NORAM provided equipment and systems

¢ Commissioning and start up services

Reactor drilling and installation costs are based on experience at 11 North American installations of similar
wastewater reactors (Appendix C). Larger reactor costs are based on mining cost proposals developed by
a Contractor. .

Contractor overhead and profit (OH&P) was adjusted based on the OH&P included in each source cost
‘estimate in order to provide a consistent total multiplier for all cost estimates. For example, the NORAM
cost estimates already included an OH&P factor. The OH&P multiplier was therefore adjusted to provide
the same total as the B&C cost estimates. Contingencies were selected based on the reliability of the cost
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source. For example, the guaranteed cost quote from NORAM was considered to be a very reliable cost
and was adjusted with a small contingency factor. Other cost sources received a relatively high adjustment
typical for planning level cost estimates.

As a check on the NORAM estimate, an independent cost analysis was completed for alternative NP-2.
This analysis agreed with the NORAM costs to within 5 percent.

Operation and Maintenance costs are based on information included in the spreadsheet cost program
develop for Ref 3. Consistent methods were used to estimate the costs and revenues associated with labor,
power, gas generation and utilization, polymer, and biosolids management.

The annualized and present worth costs are calculated for a 17 year return period to remain consistent with
the Brown and Caldwell evaluation.

3.4.2 West Point Treatment Plant

For the West Point Plant, only the capital costs of the VERTAD™ alternatives are compared. Operating
and maintenance costs for current operations and other altemative technologies were not evaluated.
(Present worth analyses are presented for the South and North Treatment Plants.). The primary difference
between the two altematives considered is that only three anaerobic digesters would need to be operated
along with VERTAD for Altemative WP-1 while four anaerobic digesters would be required for
Alternative WP-2.

3.4.2.1 Capital Cost Estimates

Table 3-3 provides the capital cost estimates for the West Point Treatment Plant altematives. The

" minimum detention time VERTAD™ option (WP-2) has a significantly lower capital cost since only two
reactors are required, compared to four for the full digestion VERTAD™ option (WP-1). Since the
existing anaerobic digesters have already been constructed, those sunk costs are not considered in the cost
comparison.
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| Table 3-3: Pomt Treatment Iant Altematlve ' |tal Cost

; Estlmate
I - o ca s = o Tt e =
; Category, T AtWPT “AtWP2
4 DIGESTION ‘
i’é Site Work 350 350
‘ Structures 1,390 930 E
i Equipment & Mech. 1,160 760 B
H| Electrical/1&C ' 340 270
Testing/Start-up Incl. Incl. i
‘ NORAM provided equipment and 7,010 4,130
‘ engineering : i
it] Cased Reactors 6,640 3,660 R
o Subtotl 16,590 9,800 |
i{ Contractor Indirects, OH&P  35% 17 17
§ NORAM estimate 11.6% 1,105 652 :
| NORAM provided 5% 350 207}
i Subtotal 18,063 106768
g Contingency 30% 1,442 943 i
#H Drilling 10% 722 399
% NORAM provided 5% 382 225
| Subtotal v 20,610 12,243 |}
5% Sales tax 8.4% 1,731 1,028 [§
| Subtotal ~ 22,341 13271
H Allied Cost 35% 7,819 4,645
l Less NORAM engineering 15% (1,173) (697) :f -
3 _Total Capital endzture __ 528987 | _____S17.219];

3.4.2.2 Operation and Maintenance Costs

The anticipated unpacts on O&M costs of VERTAD™ implementation at West Point include the

following:

One or

two digesters would be taken out of service resulting in O&M savings.

Heat generated in VERTAD™ would replace or supplement existing boiler system.

Power demand would be higher due to aeration energy requirement.

Better dewaterability of digested product would yield higher cake solids and lower polymer demand.
Fewer wet tons of blosohds would be hauled due to higher solids destruction efficiency and better

dewatering.

The impacts on O&M costs of the proposed facilities at West Point would be similar to those at South
Plant, which are discussed below.
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3.4.3 South Treatment Plant

3.4.3.1 Capital Cost Estimates

Table 3-4 provides the capital cost estimates for the South Treatment Plant alternatives. The highest
capital cost is associated with Alternative SP-3 since five VERTAD™ reactors are required to handle the
peak three week solids loading rate. Alt SP-2 (minimum detention time VERTAD™) has a similar capital
cost as the Class A — thermo-meso digestion alternative. The thermo-meso digestion alternative has the
lowest capital cost because it can be accomplished by modifying the existing digesters. The thermo-meso
digestion — Class A alternative requires four batch time-temperature hold tanks, otherwise using existing
tankage.

The capital cost for dewatering facilities is based on Brown and Caldwell’s estimate for conversion from
belt filter presses to centrifuge dewatering. More centrifuge capacity is assumed required for altenative
SP-3 which yields more flow and solids for dewatering.
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Table3-4 SothTreatment PIantAItematlve CapltaICost Estlmate

(AII Costs in $1 000'5)

i Category A TMD* | Class A | AltSP1 | AltSP2 | Alt SP3
r' DIGESTION . g
i Site Work ‘ $140 $140 [ 3606 $606 3606 }i
! | Structures B 1,820 3,300 1,330 890 1,040
% Equipment & Mech. 2,270 3,310 1,060 720 1,400 _1
§ Electrical/I&C 460 660 320 270 390 |
{ Testing/Start-up 110 120 incl. incl. incl.
! NORAM provided equipment and 6,290 3,900 8470 i
] engineering . i
W Cased Reactors . 6,140 3,140 7,000 |
g Subtotal 4,800 7,530 15,746 9,526 19,806
i Contractor Indirects, OH&P 35% 1,680 2,636 1
; NORAM estimate 11.6% 1,057 633 1315 )§
#l  NORAM provided 5% 315 195 424 |
Subtotal 6,480 10,166 17,157 10,374 21,555 ¢
M Contingency ‘ 30% 1,944 3,050 1,545 1,090 1,982
§ Drilling ' 15% 1,004 513 1,142
f  NORAM provided 10% 685 425 921
i Subtotal , 8,424 13215 20,392 12,400 25,590
! Sales tax 8.4% 708 1110 1,713 1,042 2,150
§ Subtotal ' 9,132 [ - 14,325 22,105 13,442 27,740 ;
[ Allied Cost 35% 3,196 5,014 7,737 4,705 9,709
} Less NORAM engineering " 15% 1,161 706 1,456 B
i Total $ 12328 | 519339 | 8286811 817441 ] 335992
r DEWATERING .
3 Site Work $20 $20 $20 $20 5204
Structures 780 780 780 780 1,170
] Equipment & Mech - 2,950 2,950 2,950 2,950 4425
§ Electrical/1&C ) ’ 750 750 750 750 1,125
M Testing/Start-up . 100 100 100 100 100
; Subtotal : 4,600 4,600 4,600 4,600 6,840 l§
; Contractor Indirects, OH&P 23% | 1,053 1,050 1,050 + 1,050 1,566 3
i Subtotal 5,653 5,650 5,650 5,650 8,406 ji
2 Contingency ) 13% 730 730 730 730 1,084
: Subtotal 6,383 6,380 6,380 6,380 9,491
il Sales tax " 8.4% 536 550 550 550 797
| Subtotal 6,919 6,930 6,930 6,930 10,288 i
i Allied Cost ' 3% 2,422 2,430 2,430 2,430 3,601 &
| Total Capital Cost ' 3 9,344 39,360 $9,360 89,360 [ $13,889Q
N i
E
!

Sem | sisozl | 526781

‘Thermo-Meso Dlgestlon

3.4.3.2 Operation and Maintenance Cost Estimates

Table 3-5 provides the operation and maintenance cost estimates for the South Treatment Plant
alternatives. Excepting Alternative SP-2, the VERTAD™ alternatives have high annual costs for digestion
due to the power required for compressed air. Alternative SP-2 has a similar digestion cost as the
anaerobic options in part due to the reduced aeration energy and production of significant excess gas
resulting from use of excess hot water rather than gas for digester heating. The total annual costs for

|
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alternatives SP-1 and SP-2 are lower than those of the anaerobic options due to the factors discussed

previously together with lower polymer and biosolids haul and application costs.

|| S

R R O R TP

Alt SP2

Table 3-5: South Treatment Plant Alternatives - O&M Cost Estimate
(All Costs in $1,000's except as indicated)

Category TMD ClassA_| AltSP1 AltsP3 B
! DIGESTION : '
4 Equipment Maintenance 383 $101 3102 391 $106 Bi
1§ Operations Labor 296 403 390 376 417
Power
Fixed 281 314 144 306 243 l§
l Variable 123 145 660 188 614
iChemlcals 41 41 43
_" Hot Water Avoided Cost 27 QD) @“n :
\2 Gas Sale Net Revenue (124) (120) (84) (161) El
M Total Annual Cost 3659 $843 $.1226 $841 31,381 E
| DEWATERING : i
2 Equipment Maintenance 371 $71 371 7 3141
i if Operations Labor 360 360 360 360 540 H
il Power {
M Fixed 2 2 2 2 2 |
} Variable 65 65 58 62 141 |§
4] Chemicals (polymer) 998 998 678 737 880
 Total Annual Cost 31,496 81,496 S$1,168 31,232 $1.703 !
i |
i |
i} BIOSOLIDS ;
il Haul and Application $2,147 $2,147 $1.620 31,762 33,994 |3
il Wet Tons 63,888 63,888 48,205 52,440 78,190 |{
#  swt 33.61 33.61 33.61 33.61 33.61
il Dry Tons 15,972 15,972 14,462 15732 35,655 1
it $DT 134.44 134.44 112.03 112.03 112.03
i Total Annual Cost $4,302 $4,486 $4.014 $3,835 $7,078 §
3.4.3.3 Annualized and Present Worth Costs

Table 3-6 provides the present worth cost estimates for the South Treatment Plant alternatives. Alternative
SP-2 has a similar present worth as the thermo-meso digestion option which has the lowest cost. The
present worth of the avoided costs reflects the year in the future at which point digestion capacity is
projected to be exceeded. For the thermo-meso digestion options, the year is 2024; for VERTAD™
options, the years are 2040, 2030, and 2050 for alternatives 1, 2 and 3, respectively.

s 7L £ T 000 S T I Y T At o £ S e Xk ot VLR S5 S

; Present Worth of Annual Costs

$47,632

$49,740

$42,595

21,668

28,679

26,781

'd Present Worth of Capital Costs

69,300

78,419

69,376

W Present Worth of Avoided Costs

(1,146)

(1,146)

(1,961)

» Toml Presem Wonh e
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3.4.4 North Treatment Plant

The proposed North Treatment Plant provides the best opportunity for a direct and equivalent comparison
between the VERTAD™ process and alternative anaerobic processes. This is the only series of cost
estimates in which existing facilities are not used and therefore do not impact the cost effectiveness of the
alternatives.

3.4.4.1 Capital Cost Estimates

Table 3-7 provides the capital cost estimates for the North Treatment Plant alternatives. Anaerobic
digestion is the lowest capital cost digestion process. The mesophilic anaerobic digestion process is about
five percent less costly than the Class A Anaerobic digestion process. The Class A anaerobic digestion
process would cost about the same as a VERTAD™ digester (NP-3). The combined VERTAD™ and
anaerobic digestion processes (NP-1 and NP-2) have higher capital costs, with NP-2 having the lower cost
of the two. Dewatering costs change the ranking of only one alternative. Because the VERTAD™ digester
system (NP-3) produces more solids than the other altematives and must be designed for peaking capacity,
the dewatering facility cost is greater. This difference makes the capital cost of digestion and dewatering
for NP-3 higher than all alternatives except NP-1.
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Annerobic T

Base

Ciass A

Site Work $50 $50 $50

‘4 Demolition 0

g Anaerobic Digestion 6,500 6,807 3,270 3,806

| Structures 0 0 560 390 il

H Equipment & Mech. 0 0 640 540 §

| Patent Fee 0 0 !

1 Electrical/I&C 0 0 230 220

M Testing/Start-up 0 0 incl. incl.

' NORAM provided equipment and 0 0 3,570 2,890

4 engineering

i Cased Reactors 0 0 3,260 1,620

; Subtotal 6,500 | 6,807 ] 11,579 9,516

H Contractor Indirects, OH&P  35% 2275 ] 2,383 1,162 1,349

2 NORAM estimate 11.6% 544 321

i  NORAM provided 5% 179 145

: Subtotal 8775 | 9,190 | 13464 [ 11,331

{

H Contingency 30% 2633 2757 2,314 2,437

E Drilling 10% 379 193

{ NORAM provided 5% 208 172

. Subtotal 11,408 | 11,947 16365| 14,132

4 Sales tax 8.4% 958 [ 1,004 1,375 1,187

i Subtotal 12,366 | 12,950 | 17,739 | 15,319

#l Allied Cost 35% 4328 4532 6,209 5,362

H Less NORAM engineering 15% (931) (804)

v{{ Total $16,694 | $17,483 | $23,017 | $19,877

| DEWATERING

A Structures $910 910 910 910

 Equipment & Mech $1,562 | 1,562 1,562 1,562

H Testing/Start-up

{ Subtotal $2472 | 2,742 2472 2472 3,500 ff

i Contractor Indirects, OH&P __ 35% $865 865 865 865 1,225}

Subtotal $3,338 3338 3,338 3,338 4,725k

é Contingency 30% $1,001 1,001 1,001 1,001 1,418 [¢
Subtotal $4,339 [ 4339 4,339 4,339 6142 lf

+ Sales tax 8.4% $365 365 365 365 516 [
Subtotal $4,704 | 4,704 4,704 4,704 6,658

i Allied Cost 35% | $1,646 | 1,646 1,646 1,646 2,330

: Total $6,350 | 36,350 | S$6,350 | $6,350 58,989

$23,833

$29,367

326,227

In summary, the anaerobic digestion processes are estimated to have lower capital costs than the

VERTAD™ alternatives when the costs for digestion and dewatering are combined.
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3.4.4.2 Operation and Maintenance Cost Estimates

Table 3-8 provides the operation and maintenance cost estimates for the north treatment plant altematives.
These costs were estimated based on the model for the South Treatment Plant (Ref. 3). Although the actual
costs at the future facility will certainly differ, the costs estimated based on the existing facility may be
considered relatively conservative.

ER e i = e i O Y S ey

; Table 3-8 North Treatment Plant Altematlves O&M Cost Estimate _
it I I AII Costs in $1 000's) |

| " Anaerobic [
i Base Class A i
1 DIGESTION i
i Equipment Maintenance $ 67 $114 $87 $75 $53 :
f Operations Labor - 188 296 323 323 188 3
# Chemicals , 16 16 16 B
{ Power 116 205 321 220 263 |§
iH Hot Water Avoided Cost (9 (1) (13§
E Potential Revenue from Gas (46) (55) (33) (62) -y |
M Net Energy Cost Subtotal 70 150 279 157 250
i Total Annual Cost $326 $561 $705 3572 3507 i
i | i
I DEWATERING %
}2 Equipment Maintenance ' 28 28 28 28 28 Il
{] Operations Labor 90 90 90 90 180
| Power

i Fixed - 2 2 2 2 2R
ig Variable : 26 23 20 22 asli
| Chemicals 402 374 235 256 290 |
L otal Annual Cost 3548 3516 3374 3397 3546 ’
| ;
;x BIOSOLIDS |
i Haul and Application 3769 3673 3467 3509 3722k
| Wet Tons 27,500 24,000 16,700 18,200 25,800 J§
;5 based on 28 $/WT §
| |
; Total Ammal Cos: $1,643 $1,749 31 546 $1,477 $1,775 li

The highest electrical energy consumption is estimated for NP-1 because both the anaerobic and
VERTAD™ processes have large reactor volumes to mix. NP-3 has the next greatest electrical power
consumption. Class A anaerobic and NP-2 have similar electrical power demands. Mesophilic anaerobic
digestion has the lowest electrical power requirement. After adjusting for energy value return by methane
gas production and excess hot water, the mesophilic anaerobic process has a net energy demand that is less
than half of all of the Class A processes. Class A anaerobic and NP-2 have similar net energy demand,
although NP-2 is estimated to produce more gas than the anaerobic process. The VERTAD™ process
without anaerobic digestion has the highest net energy cost. In summary, the VERTAD™ and anaerobic
digestion combinations have the lowest dewatering cost, primarily because of less residual solids and lower -
polymer demand. The low solids production also results in lower biosolids management costs for these
alternatives. In summary, the VERTAD™ and anaerobic digestion combmatlons (NP-1 and NP-2) have
the lowest total operation and maintenance cost.
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3.4.4.3 Annualized and present Worth Costs

Table 3-9 provides the present worth cost estimates for the North Treatment Plant alternatives.

e M a i L T Ty X W Tt vy

f Table 3-9 North Treatment Plant Altematlves Present Worth Costs
| _ AII Costs in $1,000's) ;

27 YT A EAARNART S ST AR s AT AL e s msey veeeppyes #m A eqN - R R a2l

) Category Anaembn: N YTV m)i"lt.ﬁf’i_‘ " AItNP3
Base Class A

H Present Worth of Annual Costs $15,193 $16,827 $14.872 $14 256 3
Present Worth of Capital Costs 23,044 23,833 29,367 26,227 26,648

Tomf Present Worrh S38 237
Combining the capital costs and operations costs is a present worth analysis shows that the overall low cost

altemnative is mesophilic anaerobic digestion. For Class A processes, the anaerobic process and the short
duration VERTAD™ followed by anaerobic digestion are essentially the same cost.

3.4.5 Cost Sensitivity Analysis

The cost estimates provided above have been developed using design criteria and cost estimating
procedures that are judged by the project team to be reasonable based on available information during
report preparation in late 2000. These estimates and actual implementation costs would differ if these
design and costing assumptions change. The purpose of a cost sensitivity analysis is to document changes
in the cost estimate produced by changing individual cost estimating criteria. The cost sensitivity analysis
thus provides insight into the cost factors, which have the greatest potential impact on the actual
implementation cost. The analysis also provides insight about the potential for reducing costs by investing
effort in particular areas. The sensitivity cases were selected to evaluate issues believed to have the
greatest potential for impacting the relative desirability of the aiternatives.

All of the cost sensitivity comparisons are for the planned new North Treatment Plant. This facility was
selected for the sensitivity analysis because the costs are not influenced by existing facilities and their
impacts on cost comparison. The following cases have been selected:

Case 1: VERTAD™ Reactor installation costs are 20 percent higher - Historically, drilling costs and
interest by contractors in competing for contracts have been somewhat vanable. It should be assumed that
a campaign to interest drilling and mining contractors will be needed to assure low competitive bids. This
sensitivity case will provide information on the potential impact of higher installation costs.

Case 2: VERTAD™ VS reduction is 20 percent less — Volatile Solids reduction has been somewhat
variable over the course of the demonstration testing program. Some of the variability is likely due to
mechanical and electrical problems that created unstable operating conditions. However, some of this may
be due to normal biological process performance variability. This sensitivity case considers the impact of
VS reduction performance that is 20 percent less than expected. Such a change would impact dewatering
and biosolid management costs.
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Case 3: VERTAD™ dewatering - Dewatering effectiveness is critical because of the large impact on haul
and application costs. Tests to date have all been bench scale analyses. Although the results have been
consistent, application with full-scale equipment could produce different results.
a) Dewatered cake percent TS reduced by 20 percent. This case assumes that the product solids
content is reduced
b) Dewatered cake percent TS increased by 10 percent. This case assumes that the product solids
content is increased. :

Case 4: Energy production and cost — Energy is a major factor in comparing aerobic and anaerobic
systems. Anaerobic processes produce a high value digester gas fuel while consuming energy for process
mixing and heating. Aerobic systems use considerable electrical energy for aeration while generating hot
water, which is a low grade energy source. Petroleum prices have a major impact on all sources of energy
and petroleum derived products such as polymers. Historically, petroleum prices have been variable and
stability continues to be uncertain. Therefore, the potential for higher energy prices should be considered
when comparing long term costs.

a. Fuel and polymer price 20 percent and electricity price 100 percent greater — This case shows
how the alternatives cost would react to an increase in energy costs. The value of digester gas was
also increased by 20% for this case. Fuel cost for biosolids application was assumed as 15% of
the haul cost and 10% of the land application cost, which calculates out as 14% of the total
biosolids utilization cost. The cost increase used in this analysis resulted in the following unit
costs:

Diesel fuel increased from $1.55/gal to $1.86/gal.

Digester gas value increased from $0.07/therm to $0.08/therm.

Polymer cost increased from $1.80/1b polymer to $2.16/1b polymer.

Electricity cost increased from $0.0456/KW-hr to $0.0912/KW-hr.

Hot water value increased from $0.02/therm to $0.024/therm.

!

b. Anaerobic proée&s gas production 20 percent less — The only data for gas production in digesters
treating VERTAD™ product comes from a bench scale evaluation. This case con51ders the impact
of digester gas production being lower than measured.

Case S: Non-conservative VERTAD™ performance assumptions — Several of the design parameters used
to size tankage and equipment and to estimate treatment performance have been selected conservatively
based on test results. It is very possible that a full-scale facility design based on further testing and
optimized during initial operations would perform better than the demonstration facility. This cost
sensitivity case provides insight on the impact of consistent VERTAD™ performance at the higher levels
observed during testing to date. The assumed adjustments include:

a) Oxygen transﬁ:'r‘is 65 percent rather than 50 percent - Transfer rates approaching 61 percent
were measured during demonstration testing.

b) Polymer demand is 15 Ib/DT for VERTAD™ product and 20 Ib/DT for product that was treated
anaerobically after VERTAD™ treatment — These polymer dosages were found to be appropriate
based on bench scale testing.

c) Dewatered product is 35 percent TS rather than 30 percent — This solids content was found to be
achievable based on bench scale testing.

Case 6: Class A product used locally — Producing a Class A producgt has the potential to open markets
within the County service area for utilization of biosolids. These markets are not available to Class B
biosolids. GroCo and Tagro biosolids products do participate in the local market on a fairly small scale.

~ The potential exists for substantial reduction in haul and utilization cost. The current average haul and

application cost is $28 per wet ton. With sufficient investment in market development it is easy to envision
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the potential for local haul and minimal tip fee to reduce the average to $12 per wet ton of biosolids. This
case considers the impact of this type of market adjustment.

Case 7: The capital cost of anaerobic digestion is 20 percent greater than estimated — The capital costs
for the North Plant alteatives involving anaerobic digestion are based on the Digester 5 costs for the

South Treatment Plant. Since the South Plant already has significant infrastructure in place for this added
digester, use of this cost base at the North Plant may underestimate the costs of an anaerobic system. This
case considers the impact of anaerobic digester construction costs being 20 percent greater than estimated.

Case 8: Oxygen demand is 30 percent greater than the typical design value — Oxygen demand in the

VERTAD™ reactor is directly related to the fraction of fats being degraded. Since fat degradation requires

1.6 times the oxygen of carbohydrates and proteins, the oxygen demand for a mix of compounds could be
higher than typical design values. The demonstration tests gave some evidence that the biota favors fat and
protein over carbohydrates, which could skew the ratio toward higher oxygen demand. This case considers
the impact of this factor on alternative costs.

Case 9: VERTAD™ [abor costs reduced by 30 percent - The demonstration testing program found the
VERTAD™ process to be very simple to operate. Without the mechanical and electrical problems
experienced with the test facility, the process seems to provide reliable treatment with very little oversight.
The cost estimate assumes that VERTAD™ reactor labor is about 75 percent that of an anaerobic
digestion system (excluding the SAFT). This case considers the impact of reducing the cost of the
VERTAD™ reactor and SAFT labor by 30 percent.

The cost sensitivity analysis was performed only on the costs for the North Treatment Plant. Since this
facility would be all new construction, the costs are not influenced by the effects of incorporating existing
facilities. The cost impact of the changes can be more directly evaluated. The relative impact of similar
changes on alternatives for the other treatment facilities can be approximated from the North Plant
comparisons. These comparisons provide useful insights for application of the VERTAD™ technology at
the South and West Point Treatment Plants.

The capital cost comparisons for those cases that affect capital costs are provided on Table 3-10. The

impact of the change induced for the sensitivity case as expressed by the difference between the base case
and the revised cost are shown on Table 3-11.
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Tabl 3-10 Cost Sensntmty Analysns for North Treatment Plant
Alternatives - Capital Cost Estimate
AII Costs in $1,000's)

i Category Anaerobic Alt NP1 - AILNP2

i Meso | Class A

] DIGESTION

: VERTAD™ Reactor

N Base Case $0 80| $3.260| $ 1620

; 1. VERTAD™ Reactor Capital $0 $0| $3,910| $ 1,940

% +20%

§* Anaerobic Dtgesters

; Base Case $ 6500] $ 6810 $3270} $ 3,810

%; 7. Anaerobic Capital +20% $§ 7800 $§ 8170 | $3,920-$ 4,570

L .

! Grand Total Capital Expendlture

g Base Case $23,040 | $23,830 | $29,370 | $ 26,230
1. VERTAD™ Reactor Capltal $23,040 | $23,830 | $30,520 | $ 26,800

i +20%

§‘ 7. Anaeroblc Ca pital +20% $26,380 | $27, 330 $1,080 | $28,230

2RI T N R S et T T = Ak e e, AT R ATy
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Tab'e3 11: Cost Sensitivity Analysis - Capital Cost Impact |

AII Costs in $1000'

Anaembn: oo

Class A

CAIENPT |

TECp 5 e Wmmmlw .

NP2 | ATENPS

1. VERTAD™ Reactor Capital'
| +20%

$1,150

$ 570

eroblc Ca 1tal +20% _

As indicated these capitél costs can have a significant effect on the alternative comparison. In particular,
the anaerobic cost increase would make alternative NP3 more attractive from a capital cost basis.

The operation and maintenance cost comparisons for those cases that effect O&M costs are provided on

$1710 |

$2 000

Table 3-12. The impact of the O&M cost changes are shown on Table 3-13.

FINAL Sec. 3.doc

86




le 3- 12 Cst SltIV nalysns foNorthTreament Plant Altematlves |
- O&M Cost Estlmate AIICosts in $1 000'5)

) Anaemblc

! Meso Class A
] DIGESTION

Power - Variable
i Base Case $ 24 s 28 $ 227 $ 126 $
‘H 2. VERTAD™ VSR -20% S 24 s 28 S 187 $ 106 $ 162
l 4a. Energy Cost +100% $ 49 s 57 S 454 § 252 $ 404
''5. VERTAD™ Optimum performance 3 24 $ 28 S 180 $ 103 $ 155
8. 0, Demand +30% s 24 s 28 S 313] S 169 S 288
# Gas Sale Net Revenue

Base Case S (46) S (55) $ GO [ S (62

2. VERTAD™ VSR —20% S (46) S (55 $ @) [ $ 67

4a. Energy Cost +20% S (56) $  (66) S 0| S (74
1 '4b. VERTAD™ Gas Production -20% $  (46) S (55) $ 2] $ 49
41 5. VERTAD™ Optimum performance $ (46 S (59 R X)) S (62
! Labor .
] Base Case $ 188 S 296 $ 323] § 323

9. VERTAD™ _labor -30% S 138 $ 296 S 282 s 232
i DEWATERING
iil Power - variable
' Base Case s 26 s 23 $ 20| s 22 S
#1'3a. Energy Cost +100% $ 53 s 45 S 39( $ 43 s

Polymer
‘| Base Case S 402 $ 374 $ 235 s 256 $
i1 2. VERTAD™ VSR -20% S 402 $ 374 $ 2521 $ 261 $

4a. Energy Cost +20% $ 482 $ 448 $ 282] § 307 S
if's VERTAD™ Optimum performance $ 402 s 374 $ 188 [ S 204 $
H BIOSOLIDS
' Base Case S 769 $ 673 S _ 4671 S 509 s
2. VERTAD™ VSR -20% S 769 $ 673 s 501 $ 520 $
32 %TS 20% S 769 $ 673 S S84 | S 636 3
i#] 3b. %TS +10% $ 769 $ 673 $ 425 $ 463 s
H 4a. Energy Cost +20% $ 791 $ 692 $ 480 ] § 523 $
H S. VERTAD™ Optimum performance $ 769 $ 673 $ 400 $ 436 S
4f 6. Class A Biosolids —50% S 769 S 337 S 234 $ 254 s
J Total Annual Cost
:f Base Case S 1.642 $ 1,749 $ 1,546 | S 1477 $
2. VERTAD™ VSR -20% S 1, $ s s s
H 3a. %TS -20% s $ $ s S
1 3b. %TS +10% S s s s s
l 4a. Energy Cost +20% & 100% 3 S $ $ $
1 4b. VERTAD™ Gas Production —20% S $ s B3 5
‘4 5. VERTAD™ Optimum performance $ $ $ $ $
‘4 6. Class A Biosolids -50% s $ $ s $
48, O, Demand +30% $ $ S S $
i S $ s $ $
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Table 3-13: Cost Sensltlwty Analysls Total O&M Cost Impact i

(All Costs in $1 000's) by

d category | Anaerobic AILNP1 | AIENP2 | AINP3 |
! Meso Class A %
y ' . |
#] 2. VERTAD™ VSR —20% $ 6 s (8 S 60t
H3a._%TS -20% s 117 s 127 s 1811
"M'3b. %TS +10% 3 (42) S (46) $ 65k
i} 4a. Energy Cost +20% & 100% S 238 s 312 $ 394 S 29 s 387p
1] 4b. VERTAD™ _Gas Produdtion —20% s 8 E I
'S VERTAD™ Optimum performance $_(160) $_(147) s 222}
] 6. Class A Biosolids —50% _ $ (336 S (233) $_(254) )|
‘1 8. Oz Demand +30% $ 87 $ 43 $  87H
{5 VERTAD™ labor -30% , S _@0) | 8 (40 s @Ol

T A A A AN e o A T RIS TR I A MR TP |

The operation and maintenance factors that have the greatest impact on costs are dewatering, energy,
VERTAD™ performance and Class A product markets.

The present worth cost comparisons are provided on Table 3-14. The impact of the present worth cost
changes are shown on Table 3-15.

Table 3 14: Cost Sensmwty Analysus for North Treatment Plant Alternatives [i
— Total Present Worth Costs ‘
All Costs in $1 000's)

]
;
e
mmmmm s
!
|
E

It
{
g
| Category . _Anaerobic AltNP1 | AItNP2 | AItNP3
fl Meso | Class A 5
#l 1. VERTAD™ Reactor Capital 38.2 40.7 454 41.1 447}
i +20% :
il 2. VERTADTM VSR -20% 38.2 40.7 44.9 40.6 4364
H3a. %TS -20% 38.2 40.7 452 41.6 44.6H
§ 3b %TS +10% 38.2 40.7 43.9 40.1 264
;E 4a. Energy Cost +20% & 100% 40.5 43.8 47.8 43.3 46.5
i§ 4b. VERTAD™ Gas Production — 38.2 40.7 443 40.6 4311
; 20% |
il5. VERTAD™ Optimum 38.2 40.7 42.9 39.3 413§
% performance '
! 6. Class A Biosolids —50% 382 3738 423 384 40.18
t 7. Anaerobic Capital +20% 41.6 44.2 46 425 43.1 1§
4 8. O, Demand +30% 38.2 40.7 45 40.9 43.814
; 9. VERTAD™ labor -30% 38.2 40.7 43.8 40 42.7)
; " Base Case 38.2 40.7 44.2 40.5 431 ;
FINAL Sec. 3.doc 88 05/11/01



A= Ko e e+t AT A e o= 2 e # e <o WD S e A e e e ok e Abr s e )

Table 3- 15 Cost Sensitivity Analysus TotaIPresent Worth Cost Impact

AII Costs in $1, 000 000’ _
) TAIENPT |

Category

Anaerobic

Meso Class A

Alt NP2

#1. VERTAD™ Reactor Capital

1.2

0.6

42. VERTAD™ VSR -20%

0.7

0.1

a. %TS -20%

1

1.1

b. %TS +10%

-0.3

0.4

3.6

2.8

3

3
4 4a. Energy Cost +20% & 100%
i1 4b. VERTAD™ Gas Production —
120

0.1

0.1

5. VERTAD™ Optimum
performance

#6. Class A Biosolids —50%

#l 7. Anaerobic Capital +20%

“;[8 O, Demand +30%

sy g

Table 3-16 provides an overall comparison of the impact of the sensitivity cost changes on capital,

operations and present worth costs.
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M Category Anaerobic AIENP | AIENP2 | AIENP3

] ‘ Meso Class A

Hl capital Cost
1. VERTAD™ Reactor Capital 0% 0% 4% 2%
+20% )
7. Anaerobic Capital +20% 14% 15% 6% 8%
O&M Cost i
2. VERTAD™ VSR -20% 0% -1%

,|3a. %TS —20% ' 8% 9%

. %TS +10% -3% -3%

4a Energy Cost +20% & 100% 14% 18% 25% 20%
4b. VERTAD™ Gas Production ~ 1% 1%

4 20%

45, VERTAD™ Optimum -10% -10%
performance
6. Class A Biosolids —50% -19% -15% -17%
8. O, Demand +30% 6% 3%
9. VERTAD™ labor -30% 3% -3%
Present Worth Cost .
1. VERTAD™ Reactor Capital 0% 0% 2.7% 1.5% 3.7%
+20% b
2. VERTAD™ VSR -20% 0% 0% 2% 0% 1% i
3a. %TS -20% 0% 0% 2% 3% 3%
3b. %TS +10% 0% 0% -1% | -1% -1%F
4a. Energy Cost +20% & 100% 6.0% 7.6% 8.1% 6.9% 7.9%H
4 4b. VERTAD™ Gas Production — 0% 0% 0% 0% 0%
1 20%
| 5. VERTAD™ Optlmum 0% 0% 3% | -3% -4%
i} performance A i
6. Class A Biosolids -50% 0% -7.1% 4.3% -5.2% 6.8% |
1 7. Anaerobic Capital +20% 8.9% 8.6% 4.1% 4.9% 0% |
18, 0O, Demand +30% 0% 0% 2% 1% 2% ¥
9 VERTAD™ labor -30% -1% -1% -1% K

As a method of prioritizing the significance of the sensitivity cases, a threshold of five percent change is
" considered moderate and a change of 10 percent is considered sxgmﬁcant Using these criteria the primary

factors identified by this analysis are:

Primary Cost Variables (greaier than 10 percent change)

*  Anaerobic digestion-capital cost

» Dewatering percent TS-operating cost

* VERTAD™ optimum performance-operating cost
# _Class A biosolids operating cost

= Increased energy costs

Secondary Cost Variables (greater than 5 percent change)
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*  VERTAD™ oxygen demand

Only the Class A biosolids utilization fee would result in greater than five percent change in the present
worth cost for any alternative.

3.5 Comparison of Alternative Facility Space Requirements

The subsurface configuration used by the VERTAD™ requires less space than traditional anaerobic
digestion processes. Figure 3-10 provides a comparison of space requirements for the North Treatment
Plant altematives. For the layouts shown, the space needed for altemnative NP3 is less than a third of the
requirement for the mesophilic anaerobic digestion altemnative. Similar space reductions could be expected
at the West Point and South Treatment Plants, but would require removal of existing digesters.

3.6 Implementation Strategy

The cost comparison in this evaluation indicated that the VERTAD™ technology should be considered for
full-scale implementation at King County facilities. An implementation strategy for the VERTAD™
technology should include additional testing using the existing demonstration facility. This would allow
refinement of design criteria in preparation for a full-scale installation. The combined results of the
performance testing and cost estimates that have been developed during this evaluation indicate that any
further evaluation of the technology should focus on three primary areas:

1. Dewatering of the VERTAD™ product to determine reliable expected performance for percent Total
Solids and polymer demand. Considering the potential benefits of sulfuric acid flotation (SAFT),
dewatering should be evaluated for the following configurations:

a) VERTAD™ followed by SAFT
b) VERTAD™ followed by SAFT followed by anaerobic digestion (mesophilic and thermophilic)
¢) Anaerobic digestion (mesophilic and thermophilic) followed by VERTAD™ followed by SAFT

2. Linked anaerobic and VERTAD™ process configurations appear to be the most cost effective based on
the limited operational evaluation conducted to date. These configurations should be evaluated in more
depth.

3. Class A product market potential should be evaluated to determine how much Class A product could be
used locally. Development of a local market for Class A product would dramatically reduce hauling
costs. Competitive pressures created by these markets may also result in reduced costs for the Class B
product markets. Development of this market may also impact the consideration of the Centridry
process. Any differences in market potential for Class A products derived from VERTAD™ and
anaerobic processes should also be evaluated. A well developed Class A product market may also

. impact the cost effectiveness of the Centridry process. Centridry is most attractive for long distance
hauling because of the weight and volume reduction. The availability of local markets for Class A
product would significantly reduce the potential benefit associated with Centridry.

Provided that further testing supports the cost effectiveness of the process, it is recommended that the
County consider construction of a full-scale VERTAD™ facility at the South and North Treatment Plants.
Depending on the results of further testing to determine the preferred sequence, the VERTAD™ process at
the South Treatment Plant could be designed to either:

" =- Process all solide 'fed to one of the four existing digesters.
* Process sufficient solids from an anaerobic digester to feed one centrifuge.

s Process through short duration VERTAD™ feeding all four digesters.
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In either instance the VERTAD™ process could be designed to provide sufficient excess heat to maintain -
operating temperatures in the anaerobic digesters without the use of gas.
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Demonstration and Evaluation of

VERTAD™
Aeroblc Thermophilic Digestion Process

Section 4

VERTAD™ Development Assessment (Summary of Development
Status)

The VERTAD™ Demonstration Project has been very productive in defining the performance
capabilities and design and operating criteria for the process. This section is prov1ded as a summary of
the current state of knowledge about the VERTAD™ process.

Each topic is discussed‘ relative to the significance of the topic, current knowledge, and additional
information that would be desirable prior to technology implementation. Also provided is an assessment
of additional information that would be desirable to have prior to implementing the VERTAD™ process
on a large-scale basis. As always the amount of knowledge needed prior to full-scale implementation is a
matter of judgement, and is subject to adjustment. It is also possible to design a full-scale facility with
sufficient flexibility to allow successful design and operation with less than complete knowledge.

4.1 Process Simplicity and Stability

Process simplicity and stability are highly desirable characteristics of any wastewater treatment process.
Simplicity refers to the number of control points, the frequency that they must be adjusted and the
complexity of tests and procedures needed to determine when and to what extent adjustment is needed.
Stability refers to response of the process to normal variations in feed solids and flow and other factors
that might affect operations. Stability also refers to the potential for upset and the ability of the process to
recover from upset inducing conditions.

4.1.1 Curmrent Knowledge

The VERTAD™ process is quite simple both mechanically and electrically. The demonstration unit is
actually more complex than a continuously fed full-scale system because of the need for batch feeding. A
full-scale system may have a control system to vary aeration rate with demand. The VERTAD™ process
uses only very basic and standard equipment that is normally associated with wastewater solids digestion.
The greatest operations challenge associated with a full-scale VERTAD™ may be removal of heat to '
maintain the desired operating temperatures throughout the reactor.

Use of the sulfuric acid flotation system would add complexity to the VERTAD™ process. Combining
VERTAD™ and anaerobic digestion will result in a digestion process that is more complex than either
component. However, there appear to be sufficient synergistic benefits from combining the processes that
the combined process will not be excessively complex. These benefits are primarily associated with heat
recovery and transfer.
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The VERTAD™ process has demonstrated repeatedly that it is very stable and resistant to upset. The
demonstration facility experienced a range of mechanical and electrical problems that repeatedly altered
feed pattemns and stressed the biota in a variety of ways. In all cases the biological system demonstrated
stability and rapid recovery.

4.1.2 Knowledge Needed Before Implementation

The stability and simplicity of the VERTAD™ process has been well demonstrated. The simplicity of
VERTAD™ operated together with the sulfuric acid flotation thickening (SAFT) system and/or anaerobic
digestion has not been demonstrated at an operational scale.

4.2 Anaerobic Linking

Combining VERTAD™ and anaerobic digestion was found to be the most cost-effective approach for
implementing the VERTAD™ technology. This combination had the lowest operation and maintenance
cost of the Class A altemnatives considered, including anaerobic processes.

4.2.1 Current Knowledge

Current understanding of the combined process comes from operation of bench scale anaerobic digesters
treating product derived from operating VERTAD™ at a four-day residence time. The results of these
tests were promising with regard to overall volatile solids reduction, anaerobic gas production and scum
and foam control.

4.2.2 Knowledge Needed Before Implementation

Continuous operation of a pilot-scale, combined VERTAD™ / anaerobic digestion system would be very
desirable. Optimization of the respective retention times to achieve sufficient solids destruction,

maximize gas production, and minimize the energy requirement could be conducted at the pilot-scale. In
addition to the combination tested at bench scale, the following configurations would be desirable to test:

1. Short duration VERTAD™ followed by anaerobic digestion. This combination was found to
be the most cost effective VERTAD™ process in the alternative analysis. Optimizing
detention times in the respective reactors should be a primary objective.

2. Short duration anaerobic digestion followed by VERTAD™. This combination may prove to be
more cost effective due to increased gas production and better sequencing of constituent
degradation. Again, the optimum detention times in the respective reactors are unknown.

Continuous operation of the SAFT process in conjunction with anaerobic digestion is a significant
economic factor. Thickening between processes would significantly reduce the required capacity of the
anaerobic reactors. Pilot-scale testing could indicate the appropriate limit on total solids content of the
thickened feed to an anaerobic digester. This is a particularly important issue with the short duration
VERTAD™ reactor because sidestream quality may have a major impact on the liquid stream processes.
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4.3 Residence T)'me and Feed / Reactor TS Content

Residence time in the reactor directly impacts the size and cost of the VERTAD™ reactor. Similarly,
since the reactor is sized based on organic loading, the feed solids content has a direct relationship to the
size and cost of the reactor.

4.3.1 Current Knowledge

The demonstration tests indicate that oxygen transfer can be limited by excessively high solids content in
the reactor. Oxygen transfer and feed solids content must be considered in sizing the VERTAD™
reactor. Tests to date indicate that a four-day detention time is needed to reliably provide VAR
compliance of 38 percent VS reduction. However, combining VERTAD™ with anaerobic digestion has
been shown with bench scale tests to readily comply with the VAR requirement.

4.3.2 Knowledge Needed Before Implementation

The relationship between reactor solid content (or some other measure of viscosity) and oxygen transfer
needs to be better defined in order to optimize the design of the VERTAD™ reactor.

See the above discussion of issues related to combining VERTAD™ and anaerobic digestion.

| 4.4 Class A Pathogen Control

The economic analysis indicates significant cost savings potential associated with local use of a Class A
biosolids product. VERTAD™ operates at temperature consistent with productlon of a Class A product.

4.4.1 Current Knowledge

The VERTAD™ process relies on the heat generated biologically to maintain sufficient temperature for
Class A pathogen control. The relative amounts of heat generated and heat lost to the surroundings are
dependent on the reactor diameter and the resultant surface area to volume ration. As the diameter of the
reactor is increased, the volume increases by a factor of the diameter squared while the surface area
increases linearly. Thus, the reactor volume (which determines the amount of organic material destroyed
and the heat generated) increases at a greater rate than the surface area (which determines heat loss). The
demonstration facility needs supplemental heat to maintain Class A required operating temperatures.
However, calculations based on estimated heat loss and generation for this facility show that the system
would be "autothermal” (no supplemental heat required) at a diameter of between three and four feet
when operating at 55°C. Insulating grout could also be used to achieve autothermal conditions in smaller
reactors. Therefore, full-scale reactors for King County facilities (10 to 13 foot diameter) would generate
a significant amount of excess heat which could need to be removed to prevent overheating of the reactor.
It is well established on this basis that the VERTAD™ process will easily generate temperatures
sufficient to comply with Class A requirements.

Equally critical to temperature for Class A compliance is the time of contact. Assured time of contact
requires special precautions to prevent short circuiting and resulting pathogen pass through. Mixing tests
in the VERTAD™ reactor indicate that mixing in the upper two zones occurs in a period of several hours.
This zone alone is insufficient to ensure that short-circuiting is prevented in the reactor (except possibly
for operation at very high temperatures of 70 to 75°C). VERTAD™, therefore, relies on detention time in
the unmixed lowest zone of the reactor, the soak zone, to provide required contact time. Tracer
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measurements have shown that this zone operates in plug flow and that a properly designed VERTAD™
with a soak zone will meet the contact time requirements for Class A compliance.

There has been no evaluation of the potential for use of Class A VERTAD™ product in local organic
product markets. An evaluation of organic waste management recently completed for the County
identified the topsoil market as a large potential market for organic waste derived products. This market
is also being evaluated by the County for Centnidry compost product. VERTAD™ and combined
VERTAD™ / anaerobic products would be expected to have potential for use in this and other markets.
In addition, the VERTAD™ product might be processed by GroCo, Inc. at a lower fee than currently
because of the higher solids content and Class A designation.

4.4.2 Knowledge Needed Before Implementation

Marketing information to be collected by the County regarding using Centridry product as a constituent of
manufactured topsoil will be useful for determining if that is a potential market for VERTAD™ Class A
product. Specific comparison of VERTAD™ products with the organic matter characteristics desired by
organic product markets with potential interest in Class A biosolids would also be desirable. In order to
sell the product into most markets it will likely be necessary to perform a range of tests and
demonstrations including growth trials.

4.5 Product Suitability for Beneficial Use

The characteristics of the VERTAD™ product are important for incorporation into the current land
application program or in new Class A markets. Appearance, odor, nutrient content, and application
characteristics are all of importance.

451 Current Knowledge

Very limited information is available about the character of VERTAD™ product after dewatering. The
visual appearance is lighter in color than the currently produced anaerobic cake with the appearance of a
higher fiber content.

4.5.2 Knowledge Needed Before Implementation

Information about the character of the VERTAD™ product relative to market quality and aesthetics
should be developed along with any dewatering testing.

4.6 Thickening/Dewatering/Centridry

Thickening and dewatering are critical to the economic viability of the VERTAD™ process. Taking
VERTAD™ product to a drier state with Centnidry could further improve the cost savings available with
VERTAD™
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4.6.1 Current Kn‘c‘)wledge

Thickening with the SAFT process has been demonstrated on a batch, bench scale basis. The concepts
and equipment used for this process are common in the wastewater industry. The difference is floating
with pH shift induced CO, bubbles rather than dissolved air as used in the DAFT process.

Dewatering of VERTAD™ product has been conducted in the field and at the laboratories of dewatering
equipment manufacturers. In the Andritz laboratory, the thickened VERTAD™ product dewatered to
between 31-34 percent with a 99.5 percent capture efficiency on a polymer dose of 14 Ibs/ton.
VERTAD™ product that was not thickened produced similar cake solids content but required about three
times the polymer dose. The only full-scale dewatering of VERTAD™ product was a one-day test with
the Centridry process. Although only indirect observation of dewatering is possible with this equipment,
the conclusion of the test was that VERTAD™ product dewatered very well but had a relatively high
polymer demand

It is recommended that dewatering with the Fournier rotary press and FKC press be evaluated for
VERTAD™ product. These dewatering devices have been demonstrated to be very effective at
dewatering high fiber solids, as the VERTAD™ product appears to be. The product solids content from
this equipment may be'significantly greater than test results to date.

4.6.2 Knowledge Needed Before Implementation

More data, particularly from continuous dewatering operations, would be very desirable to confirm the
potential for high solids content product, high capture efficiency, and low polymer requirements. More
information on dewatering of the product from combining VERTAD™ and anaerobic processes is also
needed. ‘

Pre-déwatering thickening in a SAFT system may also improve the odor and utility of the dewatered
product. Tests to document any changes would be useful in determining the market value of the Class A
product. !

4.7 Microbial Degiadation of Organic Constituents

Fats, oils, and grease (FOG) have significantly different chemical characteristics compared to protein and
carbohydrates with regard to digester performance. FOG requires about 2.5 times more oxygen and
releases the same additional energy per pound of solids degraded. This becomes significant if fat is
preferentially degraded relative to carbohydrates and proteins at any operating conditions.

4.7.1 Current Knowledge

Monitoring results indicate that the VERTAD™ process selectively degrades FOG at higher rates than
carbohydrates and protein (80 percent for FOG vs. 50 percent for organic nitrogen and 40 percent for
VS). Protein appears to degrade at higher rates than carbohydrates. By difference, considering the
overall VS reduction, carbohydrates would be assumed to degrade at rates below the VS reduction. This
is partially substantiated by the fibrous appearance of the dewatered product.

In addition, supplemental feed testing shows oil consumption is very rapid and only limited by oxygen

transfer. Supplemental feed of sugar, however, showed a much slower consumption and oxygen demand
below the transfer limit. !
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4.7.2 Knowledge Needed Before Implementation

Since preferential degradation of fat can impact design criteria for aeration and heat removal,
determination of appropriate design values is important for full-scale implementation. The issues raised
by previous test results indicates the need for more in depth analysis to determine the relative
consumption of these primary organic matter types.

This may be especially important for the combined VERTAD™ and anaerobic systems. Preferential fat
degradation in the short duration VERTAD™ reactor could require greater oxygen transfer and provide
greater VS reduction than anticipated. Removal of FOG from the anaerobic process may also provide
operational benefits for that process.

4.8 Energy Release, Loss, and Consumption

The release of energy during degradation, loss of that energy to the subsurface geology surrounding the
reactor, and the consumption of energy by aeration compressors are important design and economic
factors. Understanding these issues is important for the design of a facility that performs as expected.

4.8.1 Current Knowledge

Energy loss to adjacent geology and surface air has been measured at the demonstration site on several
occasions when biological heat release would not be significant. These measurements have shown
significant vanability. Much of the vanability is thought to be derived from changes in groundwater flow
- around the reactor. However, these variations do not match expected seasonal changes in flow or induced
flow that may have been a factor during nearby construction. Heat loss measurement is complicated by
vertical changes in the subsurface profile from gravel at the surface to saturated sand and gravel to rock.

Energy release from degradation was discussed in the previous item. Measurement of degradation energy
release has been by difference using the estimated heat loss to the environment, boiler heat addition, feed
energy demand, and reactor temperature. Since these calculations depend on the variable loss data, the
accuracy of these calculations is also subject to vanability. Degradation heat release has also been
‘estimated using degradation rates for FOG and organic nitrogen (protein). COD reduction data is also a
reasonable method of estimating biological energy release in an aerobic system. These methods have not
provided consistent results to date. Fermentation of carbohydrates may be occurring in the VERTAD™
reactor based on low measured ORP. Fermentation rather than oxidation may change the energy release
characteristics and explain some of the variability. An effective method of measuring oxygen demand
and heat release has been through supplemental addition of known constituent organic feed. Both
vegetable oil and high fructose syrup have been added. The impact of these additions were directly and
accurately measured. Oil addition demonstrated rapid oxygen consumption and energy release consistent
with theory. The addition of sugar produced results that were less clear.

The electrical energy requirement for aeration is a primary energy and cost factor. Much of the energy
input by the compressor can be recovered as hot air or hot water. This issue is discussed in more detail in
the following item. ,

4.8.2 Knowledge Needed Before Implementation

Continued measurement of heat loss from the reactor and developing better understanding of degradation
energy release would provide desirable data to be used for full-scale design. The heat loss to groundwater
needs to be understood or an insulated reactor used at sites with significant groundwater impact.
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Expanded use of the éupplemental feed test is recommended to better understand degradation rates,
energy release and oxygen demand for a range of fats, proteins, and carbohydrates.

4.9 Aeration / OXygen Transfer

The ability of VERTAD™ to transfer oxygen for use by the thermophilic organisms is critical to cost
effective operation.

4.9.1 Current Knowledge

Oxygen transfer has been directly and accurately measured for the VERTAD™ reactor. The process is
ideal for measurement of oxygen transfer. This characteristic provides a very accurate and powerful
process control tool.

Measurements in the demonstration reactor indicate that higher solids levels impede oxygen transfer and
limit the VS reduction performance of the process. This is theorized to result from viscosity effects on
the transfer of oxygen from gas into the liquid. This solids content limitation is an economic factor
because it increases the size of reactor required when feed solids are thick.

Oxygen transfer rates as high as 61 percent have been measured in the reactor following the addition of
supplemental oil. The highest transfer rates measured during feeding of thickened solids was 53 percent.

4.9.2 Knowledge Needed Before Implementation

It would be desirable to better define the relationship between reactor solids content and oxygen transfer
capability.

Application of the demonstration reactor data to selecting an air release configuration for a full-scale
facility also warrants additional evaluation. The efficient transfer of oxygen may be affected by the
placement of aeration diffusers in the reactor (single versus multiple injection array) Experience that
NORAM has developed for large, full-scale VERTREAT™ (activated sludge version of vertical reactor)
applications provide additional information on this issue.

4.10 Vector Attraction Reduction

The VERTAD™ process complies with the VAR requirement by reducing the volatile solids content by
38 percent or greater. In addition to this basic regulatory requirement, VS reduction also effects the
quantxty of solids that must be dewatered, hauled, and utilized. VS reduction is therefore an important
economic factor.

4.10.1 Current Knowledge

VERTAD™ performance when operating at a four-day detention time has exceeded 42 percent provided
that the feed was diluted or the operating temperature greater than 65°C. This relatively low VS
destruction compared to anaerobic systems appear to be primarily the result of poor degradation of paper
fiber. . Degradation of FOG and organic nitrogen has been routinely significantly greater than 44 percent.
Since it is also believed that vector attracting carbohydrates are also readily degraded, there is strong
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evidence that the VERTAD™ process readily meets the intent of the regulation (reducing attraction to
vectors) while marginally meeting the numerical standard.

Combining VERTAD™ with anaerobic digestion eliminates this issue because the combined process

greatly exceeds the VS reduction requirement.

4.10.2 Knowledge Needed Before Implementation

As part of future testing, the use of the oxygen uptake test as an altemative to VS reduction as the
accepted measure of VAR for VERTAD™ should be pursued.

4.11 Mass Balance

A process mass balance is a basic tool for process operation and control. High rate, high temperature,
aerated systems present a special challenge because of the sensitivity of evaporation and moisture
removal to the operating temperature.

4.11.1 Current Knowledge

Current instrumentation on the reactor has allowed development of an accurate mass balance for the
process.

4.11.2 Knowledge Needed Before Implementation

Continued mass balance tracking in any future testing is desirable.

4.12 Sidestream Characteristics

Liquid sidestreams from solid — liquid separation processes have potentially significant effects upon
return to the wastewater treatment facilities liquid treatment processes. Solids, BOD, and nutrients are
parameters of interest.

4.12.1 Current Knowledge

Only limited data on solid content and nutrients are available from small scale batch testing.

4.12.2 Knowledge Needed Before Implementation

Sidestream quality and quantity monitoring should be included as part of any future thickening and
dewatering testing.

4.13 Operating Temperature

The temperature at which the VERTAD™ process is operated has significant impacts on degradation
rates, Class A compliance, heat loss, water loss, and pH balance. In short, the operating temperature is a
critical operating criteria.
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4.13.1 Current Knowiedge

The demonstration project has shown that the operating temperature in the reactor can be controlled with
minimal variation through heat addition. It is feasible to accomplish a similar level of temperature
stability in a full-scale facility via heat removal. However, due to heat loss variations in the
demonstration reactor and lack of clarity about the heat release from degradation, it is currently not clear
which portion of the reactor will require the highest level of cooling. Reactor mixing may adequately
equalize temperature gradients. If not, this uncertainty can be overcome through the use of flexible heat
removal systems that allow heat removal from specific areas of the reactor as required.

Water loss and deposition at various points in the VERTAD™ process are well understood an.
predictable. '

4.13.2 Knowledge Needed Before Implementation

Additional information on heat generation in each zone of the reactor would be useful for optimizing the
design of heat removal and recovery systems. Heat generation and mixing in the slowly mixed zone are of
particular interest. )

4.14 Reactor Mixing

Mixing is important relative to contact time for Class A compliance and for optimizing the potential for
VS reduction.

4.14.1 Current Knowledge

Mixing in the demonstration reactor is well understood based on tracer studies. As expected, the upper
zone is highly mixed. The "plug flow" zone was found to be slowly mixed in a matter of four to eight
hours depending on the aeration rate. Translation of this information to a full-scale reactor with nine to
13 foot diameter is not clear. Some relevant research and theory indicates that mixing in a larger reactor
should be similar. However, this has not been demonstrated on a full-scale basis.

The tracer studies indicated minimal mixing in the lower "soak" zone at the bottom of the reactor.

4.14.2 Knowledge Needed Before Implementation

None, although it would be prudent to design the initial full-scale reactor to allow easy modification of
the aeration system to control mixing in the lower zone.

It would also be desirable to evaluate mixing in the lower "soak" zone in more detail to provide assurance

that density currents or some other mechanism would not result in excessive mixing for Class A
compliance.

4.15 Odor/ Off Gases

Odor and off gas control is an issue with any solids handling facility:
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4.15.1 Current Knowledge

Tests and observations during testing indicate that the off gas from the VERTAD™ process is odorous
but treatable with biofiltration. Further, it was demonstrated that the bulk of odor was generated by
bubbling the offgas through the undegraded feed solids rather than from the VERTAD™ itself. Altemate
feed and energy recovery strategies may be used to mitigate this odor.

4.15.2 Knowledge Needed Before Implemehtation

Additional performance data should be collected as part of future testing. It would also be desirable to
test the performance of the water based biofiltration system proposed for full-scale application.

' 4.16 Potential for Use in Food Waste Management

The County is considering altematives for managing food waste and other organics generated in the
service area. VERTAD™ is a process that has potential for converting these source-separated or sewer-
transported food waste materials into a recyclable product.

4.16.1 Current Knowledge

Economic analyses indicate that it is cost effective to source separate and process food waste from large
generators. It also appears to be cost effective (although subject to continuing debate) to divert food

- waste from the solid waste stream to the sewer system. The primary problem in both cases is a lack of
processing capacity. Treatment plants are not sized for a massive influx of food waste that is currently
being landfilled and most local composters are not permitted to accept post-consumer food waste, meat or
oily wastes. Experience operating the VERTAD™ process indicates that it would readily accept and
process all food waste except associated paper products. VERTAD™ could be used as added capacity to
treat the additional load from sewer transported food waste or source separated food waste transported
directly to the VERTAD™ process.

4.16.2 Knowledge Needed Before Implementation

Macerated and liquified source separated food waste could be fed to the reactor to document performance
treating this maternial.

4.17 Safety

Safety concerns are a paramount concern. The only unusual safety characteristic of the VERTAD™
process are the high operating temperature and the use of moderately high pressure air.

4.17.1 Current Knowledge

The VERTAD™ operating temperatures are common in ATAD and thermophilic anaerobic systems and
composting. These operating temperatures, while requiring established safe operating procedures, are not
considered an impediment to successful operation of the process. Hot liquids and gases were not a
problem during operation of the demonstration facility.
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4.17.2 Knowledge Needed Before Implementétion

No additional information is needed.

4.18 Corrosion

4.18.1 Current Knowledge

Corrosion has not been found to be a problem with the demonstration reactor or other similar deep
biological reactors.

4.18.2 Knowledge Needed Before Implementation

None, although corrosion rate measurement should be formalized if this is a continuing concem.

4.19 Earthquake Damage

There is an obvious concem with earthquake damage to subsurface reactors.

4.19.1 Current Knowledge

Evaluation of the potential for earthquake damage was completed before the demonstration reactor was
constructed. The evaluation determined that the deep reactors were less likely to experience earthquake
damage than surface tankage. :

4.19.2 Knowledge Needed Before Implementation

None

4.20 Groundwater/ Subsurface effects

Operation of a VERTAD™ reactor will result in heating of the subsurface geology and associated
groundwater. .

4.20.1 Current Knowledge

There are no identified issues associated with heating of the subsurface geology.

4.20.2 Knowledge Needed Before Impl'ementation

If heating of the subsurface or groundwater becomes a concem, then future construction could include
insulation to minimize impact. The extent to which groundwater is heated and cools as it moves past the
reactor could also be monitored by instailation of monitoring wells.

4.21 Deposition/Struvite
Crystaline deposits can create operation and maintenance concems.
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4.21.1 Current Knowledge

Crystaline deposits were observed on the walls of the VERTAD™ reactor head tank on occasion. The
deposits did not affect operations or require maintenance.

4.21.2 Knowledge Needed Before Implementation

Continue to observe and document deposits and identify the compound if it interferes with operations.

4.22 Reactor Construction Bidding Competitiveness

VERTAD™ reactor construction is a large portion of the construction cost. Cost control is needed to
obtain a reasonable price for construction.

4.22.1 Current Knowiedge

Experience indicates that obtaining competitive bids for reactor drilling is not always assured. This is an
even greater concern with the large nine to 13-foot diameter reactors. Few drilling companies are capable
of drilling holes of this size and none are located in this part of the country. For larger diameter reactors,
mining techniques can also be used. This altemative provides improved competitiveness and assurance of
a reasonable bid.

4.22.2 Knowledge Needed Before Implementation

Development and maintenance of contact with contractors capable of completing reactor installation is
recommended.
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APPENDIX A

University of Washington Study

Effect of VERTAD™ Pre-Treatment on Anaerobic
Digestion

By Jenny Yoo



Introductioni and Objéctives

~ The Technology Development Program, formerly known as the Applied Wastewater

Technologies (AWT) Program, was developed to identify and evaluate technologies that can
reduce environmental impacts at the wastewater treatment plants as identified by citizen groups.
These include the space requirements, or the “footprint,” of the treatment facilities, odor
emissions, air emissions, the volume of sludge produced, and the truck traffic in the community.
King County is interested in technologies that can increase the solids destruction efficiencies
and/or increase the cake solids dryness from dewatering processes to reduce the amount of
biosolids hauled off-site. King County currently operates two wastewater treatment facilities:
the West Point Treatment Plant (WPTP) and the East Section Reclamation Plant (ESRP). The
WPTP uses centrifuges to dewater sludge while the ESRP uses belt-filter presses.

Pilot plant testing of an autothermal aerobic digestion process, the VERTAD™ process (Vertical
Aerobic Digester), was carried out at the ESRP. The purpose of the VERTAD™ Demonstration
Project was to evaluate its potential for reducing the volume of biosolids while producing Class
A biosolids with a minimal amount of odor. One possible mode of application for the
VERTAD™ process is to operate the VERTAD™ at a short solids retention time (SRT) of 4
days before mesophilic anaerobic digestion. A laboratory study was conducted in conjunction
with the VERTAD™ pilot plant operation to determine the effect of VERTAD™ pre-treatment
on mesophilic anaerobic digestion performance, including volatile solids (VS) destruction and
the dewaterability of the final solids.

Three mesophilic digester systems were operated at bench-scale to observe the effect of
VERTAD™ pre-treatment. The systems were anaerobic digestion alone, fed thickened primary
and waste activated sludge, and anaerobic digesters at two different SRTs fed the VERTAD™
product sludge. The main parameters used to evaluate digester performance include volatile
solids (VS) destruction, gas production and its percent methane, and solids dewaterability. A
capillary suction time test was used to test the dewaterability of the sludge by determining how
easily water drains from the sludge and the effect of polymer dose.

Background

Anaerobic Sludge Digestion

Anaerobic digestion is a commonly used sludge stabilization process. Conventional “high rate”
anaerobic digesters-are mixed and heated with operation at mesophilic conditions (35°C) with
SRTs ranging from 15-20 days, and with the hydraulic retention time (HRT) equal to the SRT.
Anaerobic digestion can decrease the final mass of solids using less energy than aerobic systems
since aeration is not required. Another benefit of anaerobic digestion is the production of
methane gas, which can be collected and combusted to produce the energy needed to heat the
digesters. Long SRTs are needed to stabilize the sludge and allow for the hydrolysis of
particulate organic matter. Anaerobic systems are more sensitive to low pH values, feed
variations, and some chemical solutions and can be more complicated to operate than aerobic
digesters. According to the WEF Design of Municipal Wastewater Treatment Plants (1998),



anaerobic digestion can yield 20% to 25% cake solids from a belt filter press using 3 to 8 g dry
polymer/kg dry solids (6 to 16 Ib dry polymer/ton dry solids).

Autothermal Aerobic Digestion Processes

Autothermal aerobic digestion (ATAD) uses the heat generated from the biological oxidation of
organic matter to elevate the digester temperature between 45°C to 65°C without using external
heaters. Energy is needed, however, to aerate the digester. The higher temperatures promote
increased pathogen inactivation. The solids must be concentrated to at least 3% solids in order to
minimize the energy used to heat water (WEF, 1998). ATAD SRTs can be as low as 5-6 days to
meet Class A biosolids requirements, resulting in operating volumes significantly smaller than
anaerobic digesters. ATADs have been reported to have severe foaming problems due to their
higher loading rates and thermophilic temperatures, and generally have higher ammonia
concentrations than other aerobic digesters (Grady, et al., 1998). Class A biosolids can be
generated in ATADs by meeting certain temperature time conditions as shown in Figure 1 from
the 503 biosolids regulations for the Time/Temperature requirements (provided by E&A
Environmental Consultants, Inc., 1999).

The VERTAD™ reactor is an underground variation of the autothermal thermophilic aerobic
digestion (ATAD) process. A VERTAD™ pilot unit was installed at the ESRP in 1998 and
consists of a 20-inch diameter pipe extending 350 feet underground (Figure 2). The reactor was
designed with a processing capacity of 500 to 2000 Ibs of solids per day. During the study
reported here, the VERTAD™ pilot plant reactor was operated at a 4-day SRT to digest
thickened primary and secondary waste activated studge.

In earlier tests, the VERTAD™ process was operated at SRTs as low as 3 to 4 days and
achieved 43% VS reduction. The oxygen transfer efficiencies were about 50% based on off gas
oxygen measurements (Brereton, 2000). Polymer vendors also performed bench-scale
dewatering tests using a method that they felt could match the cake solids possible from a belt
filter press. In these tests, a cake solids of approximately 30% was obtained for the VERTAD™
product, which is much higher than the 20% cake solids presently obtained from the ESRP
anaerobic digester sludge using a dry cationic polymer (E&A Environmental Consultants, Inc.,
1999).

There are essentially two main sections of the VERTAD™ process digester. The upper zone,
from the surface to a 160-foot depth, is a complete mix zone. In this zone circulation of the
sludge, through a 10-inch diameter tube (downcomer) inside the main shaft, is induced by an
airlift that is created by injecting air into the reactor at the 160-foot depth. The pressure gradient
created between the downcomer and the annular space causes the rapid mixing. The lower
section is designed as plug flow with the discharge at the very bottom. The aeration for this
section is near the bottom of the shaft at 315-foot depth. There is some mixing in this zone due
to the aeration. The final zone, from 315 to 350 feet, is not aerated and is called a “soak’ zone
designed to utilize the residual oxygen from the lower zone as the solids undergo final
degradation and pathogen kill (E& A Environmental Consultants, Inc., 1999). The thermophilic
conditions in the VERTAD™ Process produces Class A biosolids with a minimal footprint or



area requirement. With the present operatlon of a batch feed cycle every 4 hours, the
VERTAD™ reactor must be operated at 64°C to meet Class A treatment, according to Figure 1.

[

Dual Digestion

Autothermal thermophilic digestion followed by anaerobic digestion has been termed dual
digestion, and is a sludge stabilization alternative that can produce Class A biosolids. The
additional contact time that an ATAD provides before anaerobic digestion may increase the
amount of volatile solids destruction above that by the digester alone. However the high
temperature pretreatment may not increase the rate of solids destruction in anaerobic digestion.
Research by Ward (1997) showed that a 1-day ATAD pre-treatment did not increase the solids
destruction rate in‘a subsequent anaerobic digester. If a conventional anaerobic digester with a
15-day SRT follows a 4-day SRT VERTAD™ process, the total volatile solids destruction
efficiency should increase compared to a 15-day SRT digestion alone. This also suggests that the
same VS destruction efficiency achieved with the 15-day SRT mesophilic anaerobic digestion
alone may be obtained with a shorter SRT in an anaerobic digester following VERTAD™
treatment. Excess heat captured from the ATAD can also be used to help heat the anaerobic
digester.

Dewatering Digested Sludge

The dewaterability of digester sludge has become an important concern for King County because
of the issues related to hauling biosolids. The percent cake solids achieved from dewatering has
a direct and significant impact on the haul cost. An increase from 20% cake solids to 22% can
decrease the volume of solids for transport by almost 10%. Conditioners, usually organic
polymers, are added to the sludge to enhance floc formation to separate free water in dewatering -
equipment. The chemistry of the polymer used can affect the floc characteristics and the final
cake solids concentration

The dewaterability of a sludge depends on many factors including the solids concentration, the
particle size, the amount of bound water, and the temperature and viscosity of the sludge. The
soluble concentrations of lipids, proteins, and polysaccharides have also been claimed to play an
important role in the dewaterability of the sludge (Novak et al., 1999, Chen et al., 1996). The
specific polymer used for conditioning is specifically chosen to meet the properties of the sludge
product as well as the method of dewatering. Filter presses and centrifuges exert different types
of forces on the floc that can affect polymer choice. For example sludge dewatered on a filter
press might need to form a floc with greater shear strength than one dewatered by centrifugation.
The ESRP currently uses Perclor 7503 (CIBA) a cationic dry polymer in a 0.25% solution. The
conditioned sludge is then placed on a belt filter press to produce 17-20% cake solids at an
approximate polymer dose of 25 to 28 Ib dry polymer /dry ton solids.

Many bench-scale methods have been used to evaluate the dewatering characteristics of different
sludges. The specific resistance to filtration (SRF) was the first widespread method used to
characterize sludge dewaterability. The SRF is a measure of the resistance to flow of filtrate
through a porous media according to Darcy’s law (Vesilind, 1988). The porous media is the



filter cake formed having a unit weight of dry solids per unit filter area. This test uses a Buchner
funnel to extract the water as the solids form into a cake under either vacuum or positive pressure
up to 5 psi. The resistance is dependent on the solids concentration and can be affected by the
amount of colloidal material (0.10 to 10 pm diameter) it contains (Karr and Keinath, 1978). Fine
particles can blind the water passages and result in higher resistance measurements. The SRF is
the slope of the line between the time per volume of filtrate versus the volume of filtrate alone.
250 mL is the typical sample volume used. This minimum volume requirement can limit the
number of duplicate tests and polymer dosage tests run during bench scale tests.

The Capillary Suction Time test (CST) provides a quantitative measure of the ability of water to
drain from a sludge. The test device has an electric timer that automatically records the time
required for the filtrate to travel 1 cm through the filter paper. The absorbent filter paper applies
a capillary suction onto the sludge and pulls the water out in a concentric ring (Figure 3). Each
CST test requires approximately 7 mL of sample volume. Although this is purely an empirical
test, the CST can be used to describe a factor called the filterability accurately (Vesilind, 1988).
The filterability of a sludge is a constant that can be compared to different sludges. No direct
correlation has been shown between the CST of a sludge and its performance on a belt filter
press or a centrifuge. The CST was chosen to test the dewaterability of the sludge in this
research to provide an indicator of changes in digester solids characteristics and due to the small
volumes required for each test. With limited amounts of sludge available from the lab digesters,
multiple polymer doses could be investigated using smaller volumes of the digester sludge.

Methods and Materials

Bench-scale Digesters

Three constantly mixed mesophilic anaerobic digesters were operated at 35°C in a constant
temperature chamber. The control digester was fed the thickened waste primary/secondary
sludge from the ESRP and operated at a 15-day solids retention time. At the end of the lab
digester operation the digesters were opened and the final volume in the control digester showed
that the actual operating SRT was only 11 days. Liquid had been lost due to earlier foaming
problems, but the amount lost could not be determined until the digester was opened. Thus the
control digester, without VERTAD pretreatment, will be referred to hereafter as an 11-day SRT
digester. The other two digesters were fed 4-day SRT VERTAD™ product, and were operated
at 15-day and 11-day SRTs respectively. The control digester and the 15 day VERTAD™ fed
digester were in operation since June 18, 1999 while the 11 day VERTAD™ fed digester was
started on July 5, 1999. VERTAD™ solids feeding to the laboratory digesters began on July 28,
1999.

The digester vessels were 4-liter glass reactors with 3 liters of liquid. The bottles had two ports
near the bottom for sampling and feeding (Figure 4). The top was sealed with a rubber stopper
containing a tygon tube that was connected to a Wet Flow Gas Meter (Precision Scientific Model
62627, Varlan Instruments, Chicago, IL) to provide continuous total gas production
measurements. The gas was sampled off a port on the collection line and tested for methane



concentration. Each digester was mixed using a 3-inch magnetic stir bar and a large Cimarron
magnetic stir plate.

The digesters were fed daily using a wide-mouth 60-mL syringe. The feed was collected twice a
week from the ESRP and stored in a 4°C room. Before the digesters were fed, an equal volume
was removed from the digester. The sampling and feeding occurred within the same three hour
time period every day (10:30 am to 1:30 pm). The digesters were brought to steady-state,
defined as three SRTs of operation, or 45 days and 33 days respectively. All three digesters were
operated under steady-state conditions from October 11, 1999 to November 12, 1999.

The control digester experienced a significant amount of foaming and scum formation
throughout the duration of the lab operation. At one point before October, excess foam blocked
the gas line and caused a pressure build-up which caused a loss in reactor volume. The estimated
volume after the blow-out was 2.0 liters, but the actual volume was later found to be only 1.5
liters. The digester was fed and wasted assuming a 2.0-liter reactor volume to maintain a 15-day
SRT, but the actual SRT of the control digester was closer to 11 days. Foaming was not a
significant problem in either of the VERTAD™ fed digesters.

Performance Parameters

The digester pH, gas production and methane percentage were measured daily to monitor the
digester operation. The steady-state analyses are described in Table 1 with most parameters
measured three times a week for 5 weeks. In addition, the digester soluble polysaccharide and
soluble protein were determined three times during steady state: The digester TKN and soluble
COD were measured once during steady state. The CST dewatering test was done for each
digester sludge at steady state. The tests were first run twice without polymer. Different
polymer doses were then tested to determine the minimal CST values and optimal polymer
dosage. The CST tests for a digester-were all done on the same day.



Table 1 — Steady State Analyses

Parameter Feed Digester

PH D D

Alkalinity 3x 3x

Gas production D

% CHa4 D

TS - 3x : 3x

VS 3x 3x

Total COD 3x 3x

NH4 3x

*D = daily measurements; 3x = 3 times/week

Dewatering Tests

CST measurements were done at room temperature (23°C +2°C) with and without sludge
conditioning with cationic polymer. Various polymer doses were added to the sludge samples in
order to determine an optimum polymer dosage, which was the lowest amount of polymer
needed to obtain a lower CST value which changed only modestly with higher polymer
additions. A dry organic polymer Perclor 7503, which is used at the ESRP, was used to
condition the sludge. A 0.50% polymer solution was made by mixing 1.0g of dry polymer into
200 mL of deionized water on a magnetic stir plate. After the dry polymer was thoroughly
mixed into solution, the solution was allowed to cure by holding without mixing for 30 minutes
before use.

The following equation describes how the polymer dosage in Ib polymer / dry ton was
determined:

(X) 0.5000g drypolymer b
100mL DI water g

1L b ton ’
Y) (45mL  sampl ©
(r) (@smL sample) (IOOOij (g) (ZOOOij

Ib active polymer _
dry ton solids

where
X = mL of polymer used,
Y = sludge in grams of dry solids/Liter, assuming specific gravity = 1.0

The polymer was added to 45mL of sample, which was mixed on a small Cimarron magnetic
stir plate with a 5/16 x 2" magnetic stir bar. The sludge was initially mixed at a low speed (level



3) to ensure that the sludge was homogenous. After the polymer was added to the stirring
sample, the speed was increased to level 8 for all samples. This was the highest mixing intensity
that could be sustained using the current stir bar size without the magnet becoming disengaged
due to floc accumulation on the magnet. The high speed mixing time was set at 45 seconds for
the control digester and 3 minutes for the VERTAD™ fed digesters. The mixing times were
chosen based on visual observations of the floc at various mixing speeds and times to select
conditions that resulted in a stable floc structure. A CST was run for each mixing combination to
examine the effect of longer mixing times or increased intensity. Higher CSTs were expected
when shearing of the floc occurs. '

Shearing was determined from visual observations during mixing. The optimal times result in a
very clear centrate and well-defined floc structure. Above those times, the floc was either
broken up through shearing and deteriorated rapidly, or no difference in the floc structure was
seen. The control digester experienced floc shear at mixing times above 15 seconds. The 15-day
VERTAD™ fed and the 11-day VERTAD™ fed digester sludge needed a longer mixing time to
obtain good floc structure, and the sludge did not seem to be affected by longer mixing times.

The optimal polymer dose curves of CST versus polymer dose were generated on different days.
The polymer was made fresh daily-to ensure consistent polymer quality. Each curve had a
minimum of six different polymer doses, including a point with no polymer. At least duplicate
tests were run at a particular polymer dose. Most samples were tested in triplicate or higher.
The sludge samples used for a polymer dosage curve were stored in a 4°C cold room, up to 10
days, until enough volume was available for testing. The samples were brought up to room
temperature (23°C +2°C) before being conditioned and tested on the CST.

Analytical methods

pH and Alkalinity

The pH of the samples was measured with a Corning pH flat-surface combination pH electrode
probe (Corning Inc., Corning, NY) and a Beckman ® 220 pH meter (Beckman Instruments, Inc.,
Fullerton, CA). The same probe was used to measure the pH in titrations to determine the
alkalinity of the samples and the feed according to Standard Methods procedure 2320B.

_ Following this method, the alkalinity was calculated using the following equation

A x N x 50000
mL  sample

Alkalinity ,mgCaCO , /L =

where:
A = mL of acid used in the titration and

N = Normality of acid used, 0.02N H;SOj for all analyses.



Total and Volatile Solids

Total and volatile solids measurements followed Standard Methods procedure 2540G. Sample
volumes, approximately 5 to 15 mLs, were poured into pre-dried crucibles. The total solids
samples were dried in the 103°C oven for over 24 hours. The samples were weighed for total
solids after they had cooled in a desiccator to room temperature. The volatile solids
concentrations were determined from weighing the samples after ignition in the 550°C muffler
furnace oven for 30 minutes and cooled to room temperature in a desiccator.

* Ammonia and Total Kjeldahl Nitrogen

An ORION Model 95-12 Ammonia ion-selective probe (Orion Research, Inc., Beverly, MA) was
used to measure the ammonia nitrogen concentrations in the samples. The procedure followed
Standard Method 4500-NH; D. The pH of the diluted samples was adjusted to 11 by adding
Ionic Strength Adjuster (ISA) fluid, which contains SM NaOH, 0.05M disodium EDTA, and
10% methanol. The samples were stirred on a magnetic stirrer while the measurements were
being taken. The ammonia concentration was calculated from an internal standard. curve on the
Beckman ® 220 pH meter (Beckman Instruments, Inc., Fullerton, CA). The standard curve was
calibrated each time using 10 mg/L and 100 mg/L NH4-N standard solutions.

The Total Kjeldahl Nitrogen (TKN) digestion was performed with the HACH Digestahl
Digestion Apparatus (HACH Company, Loveland, CO). The digestion results in nitrogen
concentrations that can be measured as ammonia with the Orion Model 95-12 Ammonia ion-
selective probe. The aqueous liquid procedure in the HACH Digestahl® Digestion Apparatus
Manual (1997) was used to digest the sludge samples.

Chemical Oxygen Demand

The HACH High Range (1-1500 mg COD/L) digestion reagent vials (HACH Company,
Loveland, TX) were used to analyze the total chemical oxygen demand (COD) of the samples
and the feed. This procedure is modified from the Standard Methods 5220D - Closed Reflux,
Colorimetric Method where two mL of homogenized, diluted sample is placed in a prepared
COD reagent vial. The vials are then digested on a heating block at 150°C for two hours. After
the vials are cooled, the absorbance is read at 620 nm on a HACH DR/4000U spectrophotometer.
The samples are diluted so that each vial contains less than 1500 mg/L COD. Feed and digester
samples were composited separately for three days for sample analysis. These composites were
blended and then diluted in a volumetric flask. All samples were measured in triplicates.

Soluble Protein

Soluble protein was measured using the Bio-RAD DC Protein Assay kit (Bio-RAD Laboratories,
California). This colorimetric method is a modification of the Lowry method using bovine
serum albumin as the protein standard. This assay uses a reaction between the protein and
copper in an alkaline media and a subsequent reduction of Folin reagent. The blue color
development is mainly due to the amino acids tyrosine and tryptophan. The sludge samples must



be diluted such that soluble protein levels fall between 0.2 to 1.4 mg/mL protein. 100 pL of a
sludge sample is mixed with 400 pL an alkaline copper tartrate solution and vortexed. Four mL
of a dilute Foline reagent is then added and vortexed immediately. The vials develop 90% of its
maximum color within 15 minutes. The samples are read for their absorbance at 750 nm on the
HACH spectrophotometer.

Total and Soluble Carbohydrate

Carbohydrates were measure using the Dubois phenol-sulfuric acid method with glucose as the
standard (Newton, 1999). Two mL of diluted sample was used. One mL of a 5% phenol
solution was added to each sample. Five mL of concentrated sulfuric acid was then added and
the mixture was vortexed to ensure thorough mixing. Once the vials reached room temperature
(the reaction between phenol and sulfuric acid is extremely exothermic), the absorbance of the
samples are read on a HACH spectrometer at 485 nm.

Gas Flow Measurement

The total gas flow was measured using three Precision Scientific Wet Flow Gas Meters (Varlan
Instruments, Chicago, I). The gas from the digester displaces a high viscosity oil which rotates
a drum inside the meter. The drum in turn rotates the gears attached to the needle that reads the
gas passing through the flow meter. The accuracy of each meter was tested using a peristaltic
pump and a manometer before being placed in service after each digester. Each meter measured
within 5% of the actual volume fed.

Gas Composition.

Daily gas composition measurements were made using a gas chromatograph with a thermal
conductivity detector (GC-TCD). 0.1 mL of the gas sample was collected from the gas line
using a Mininert valve on a 1-mL syringe. The sample was injected into a Carle Series 100
Autosystem gas chromatogram (Chandler Engineering, Tulsa, OK). Methane and carbon dioxide
concentrations were determined using a Hayesep Q80/100 column (Supelco, Bellefont, PA) and
a HP 3396 Series II Integrator (Hewlett Packard, Avondale, PA). This column was operated at
60°C using helium as the carrier gas. The standard curve for the gas composition was generated
using known ratios of methane and carbon dioxide. The percent of methane in the gas was
determined by calculating the proportion of the methane peak area to the total area of the
methane and carbon dioxide peaks combined. This method assumes that the gas is composed
entirely of methane and carbon dioxide.

Capillary Suction Time Tests

The Triton Type 304B Capillary Suction Time (Triton Electronics, Essex, England) device was
used to obtain dewaterability data for the sludge samples. Standard Method 2710G was followed
in operating the CST. The sludge samples were either poured or syringed into the small liquid
reservoir-for analysis. A syringe was used on conditioned samples in order to obtain a
representative sample. Whatman No. 17 chromatography grade paper cut into 7x9 cm sheets



were used with the grain parallel to the long side of the CST device. The rougher side of the
filter paper was placed uppermost to improve the reliability of the CST (Triton Electronics, Ltd.,
1998). The time needed for the water to travel a known distance is recorded by an electronic
timer which has contact points in contact with the chromatography paper (Figure 3).

Results and Discussion

Digester Performance

In this research, the performance of the three laboratory digesters were compared to determine
the effect of VERTAD™ pre-treatment on anaerobic digestion. A summary of performance

parameter values is shown in Table 2. The pH values of the three digesters were all very similar.

The 15-day VERTAD™ fed digester exhibited higher alkalinity and ammonia concentrations
than the 11-day VERTAD™ fed digester. This suggests that the 15-day VERTAD™ fed
digester was able to destroy more protein. The 11-day VERTAD digester and the control
digester had similar ammonia values. The gas production of the control digester and the 11-day
VERTAD™ fed digester were comparable, 4.4 L/day and 4.3 L/day respectively. The 15-day
VERTAD™ reactor had a significantly lower gas production at 3.4 L/day, but was fed less feed
volume than the other two digesters. The gas production in L/g VS destroyed will be compared
later.

Table 3 compares the percent VS and TS removals across the different digesters and the dual
digestion systems (Vertad fed system with 11-day SRT and Vertad-fed system with 15-day
SRT). The Vertad pretreatment did not greatly reduce the amount of solids destruction in
mesophilic digestion for the dual digestion system. The %VS destruction for the 15-day and 11-
day VERTAD™ fed digesters was 49% and 46% respectively, or about 94% and 88% of the VS
destruction of the control digester (52% VS destruction).



Table 2—Summary of Digester Performance (Oct. 11 to Nov. 12). Average values shown with standard deviations.
, Feed Digesters
Performance Number of .
Parameter samples H._:nrozaa - VERTAD™ 15 day 11 day
Primary and Product Control VERTAD™ | VERTAD™
WAS (THS) .
H!ﬁ@mn@—. SRT . . _ L 15 15 11
(days)
TS (%) 14 6.0 £0.26 5.1 £0.51 3.540.13 3.240.18 3.440.19
VS (%) 14 4.8 +0.22 3.840.37 2.3 10.11 2.040.12 2.110.14
Total COD : . .
g 7 .6 13. 343, 612, 35.6 £2. 35.7 1.
(2 COD/L) 80.6 £3.62 61.3 +3.52 39.6 £2.09 6+2.20 74197
PH 31 6.1 £0.14 8.1 40.23 7.5 £0.08 7.4 10.06 7.4 £0.06
Alkalinity . , U . :
9 3150 + 0 4550 210 690 9880 +220 9560 £160
(mg/L, CaCO3) 50 320 613 921
_ Ammonia 2 1070 +70 1590 +£290 2270 +120 2530 £160 2240 +500
(as mg N/L) _ ,
L gas/day 33 — — 44409 3411 43 1.1
% CH,4 i1 — 63 +2 58 £2 57 £1
TKN ‘ A .
. 450 3640 3580 3280
(as mg N/L) 1 3350 345
Total _
Polysaccharides 4 38500 +4400 8770 870 5510 £950 3910 410 4070 £929
(mg glucose/L) e
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Table 3—Effect of VERTAD™ pre-treatment on VS reduction. Average values
shown with standard deviations.
% VS removal | % VS removal | % TS removal | % TS removal
across for combined across for combined
digesters system digester system
Control
+ —_ 42 —
11-day SRT 217
\ PDTM
VERfI:D 490.9 66 +0.5 37 55
15 day SRT
TM
VERTAD 45 +1.2 63 +0.8 33 5o
fed
11 day SRT

* Based on % VS removal reported for the VERTAD™ process and calculation of 29% TS removal for the
VERTADTM process using same water loss as for the % VS removal.

Based on the average thickened solids concentrations fed to the VERTAD™ system and the VS
and TS concentrations after VERTAD treatment only 20% VS destruction is calculated.
However, King County reported that a significant water loss occurs in the VERTAD™ process
so that the process effluent flow rate does not equal the influent flow rate. The water loss is due
to the heat generation and saturated air leaving the reactor. Accounting for this water loss a VS
destruction in the VERTAD™ reactor was reported to be 33% (6=1.9) by King County. The
two dual-digestion processes thus achieved 66% and 64% total VS reduction respectively. This
is a 27% and 23% increase in overall solids destruction over the control digester, which had only
an 11-day SRT compared to a total of 15 and 19 days of sludge digestion time for the dual
digestion system. Based on data in Ward's thesis (1997) showing percent VS destruction as a
function of SRT, the increased VS destruction efficiency for the dual digestion process
(VERTAD™ plus anaerobic digestion) can be attributed to the 4-day sludge digestion time in the
VERTAD™ process and is likely not due to increased anaerobic digestion rates following
VERTAD™ treatment. A one-way Analysis of Variance (ANOVA) test shows that the increase
in VS destruction efficiency is a statistical difference as seen in Appendix A.

Table 3 also compares the percent TS removal for the mesophilic digester alone and the dual
digestion system. The dual digestion system had TS removal efficiencies of 55 and 52 percent,
respectively, for the 15-day and 11-day VERTAD™ systems, compared to 42 percent for the 11-
day control digester. The improved TS removal efficiency is due to the higher digester time in
the VERTAD™ process and anaerobic digester. Comparing a VERTAD dual digestion system
toan 11- day SRT mesophilic digester the solids reduction is about 20 percent.

Table 4 compares the gas production for the control and two VERTAD-fed digesters. The two
VERTAD™ -fed digesters exhibited similar gas production rates normalized to VS destroyed.
The L-gas per g-VS removed were 0.94 and 0.92 for the 15-day and 11-day digesters
respectively. These values are within the range of normalized gas production reported of 0.8 to
1.1 L gas/g VS reduced (WEF, 1998). The accepted estimate of liters of CH, produced per g-
COD removed is 0.35 for conventional anaerobic digestion at 35°C (WEF, 1998). The two
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VERTAD digestérs averaged 0.39 and 0.36 L-CH./c-COD removed. The control digester
produced 1.8 L-gas/g-VS removed and 0.51 L-CH./g-COD removed, much higher than the
reported values. These elevated values suggest an error in the gas production readings for the
control digester.

Table 4—Gas Production and COD Removal in Lab Dlgesters. Average values '
shown with standard deviations.
Control 15-day VERTAD™ | 11-day VERTAD™
SRT (days) ‘ 11* 15 © 11
L gas/day 44409 3.4+1.1 43 +1.1
A VS(g)/day 2.5 3.6 4.6
L gas/A VS(g), 1.8 0.94 0.92
% CH, 63 £2 . 58+2 57 £1
L CH4/day 2.8 2.0 25
g CODremoved/day 5.5 5.1 7.0
L CHy/g CODyery 051 0.39 0.36

Assuming equal methane production per gram of VS destroyed the VERTAD™ pre-treatment
would decrease the methane production by about 6% in the 15-day digester and 12% in the 11-
day digester. The lower methane levels résults in less potential energy for the treatment plants,
but the decreased productxon rates may not affect the treatment plants adversely. Less methane
would be needed to heat the feed since the VERTAD™ product is at least 60°C. The methane
would only have to be used to maintain the mesophilic temperatures in the digester. On the
negative side of an energy balance, the VERTAD™ process requires energy to aerate. .An
energy balance including the VERTAD™ process energy needs is necessary to evaluate the
combined system. -

Dewaterability Tests

Figures 5 through Figure 8 show the CST values as a function of the polymer dose for each of
the digesters and the VERTAD™ product. The error bars represent the standard deviation
derived from duplicate tests at each polymer dose. The optimum polymer dose is considered the
polymer dose that caused the CST to drop dramatically to a lower plateau Above this dosage,
only minimal changes in the CST are observed.

Table 5 summarizes the optimal polymer doses and the related CSTs. The initial CST of all
three digester sludges are very similar between 2100 and 2400 seconds. The VERTAD™
product itself had a lower CST at 1480 seconds. The optimal polymer dose was much higher for
the VERTAD™ product and the VERTAD™ fed digesters compared to the control digester.

The dual-digestion solids required approximately three times the amount of polymer needed for
the control anaerobic digestion solids (about 90 Ib/ton versus 30 Ib/dry ton respectively) to A
achieve CSTs lower than 40 seconds. For comparison, the ESRP currently conditions the plant’s
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solids using 24 to 28 1b polymer/dry ton for the belt filter presses. Although the VERTAD™ fed
digestion solids required more polymer to achieve optimal CSTs, visual observations of the
solids at the opimtal polymer dose showed the VERTAD™ fed digester solids to have a tougher
floc that may have a higher resistance to shearing..

Table S—Comparison of CST test results for the control digester to the VERTAD™
fed digesters.
15 day 11 day VERTAD™
1
Contro VERTAD™ | VERTAD™ product
Unconditioned |, 45 2110 +65 2410 +100 1480 +360
CST (sec)
Minimal CST 40 +5 22 417 20 £5 20 211
(sec)
Optimum
Polymer Dose 30 95 90 100
(Ib/dry ton)
Optimum
Polymer Dose 15 48 45 50
(g/kg solids)

The CST data can not be used to predict the performance of sludge dewatering equipment. The
optimum polymer dose determined in these tests can also be different in a full-scale operation
and the differences may vary with the type of dewatering equipment. The CST is affected by the
quality of the centrate since suspended particles can blind the filter paper. Tests with
centrifugation do not require high quality centrates and the polymer needed may be decreased to
achieve comparable cake solids since the centrate is recycled within the plant (Brereton, 2000).

The flocs formed by these dual-digested sludges were longer, stringier, and harder to break apart
than the anaerobic digestion only products which were smaller and appeared more granular. The
floc formed by the VERTAD™ product was very strong and required cutting the floc to get a
small enough sample into the CST thimble. The color of the sludge from both VERTAD™ fed
digesters changed from the traditional black color to a brown, less viscous effluent after
approximately 2 SRTs. The sludges seemed to have retained some of the visual qualities of the
VERTAD™ product that the digesters were fed. The odor of the VERTAD™ fed sludge also
seemed a little sharper and not as sweet as the odor from the control digester sludge. An odor
panel was not assembled to characterize the difference or offensiveness of the new smell.

The percent cake solids can significantly affect the cost of the solids removal. Higher percent
cake solids can decrease truck traffic through the community and decrease the overall costs of
hauling the solids away. The economics of operation and removal are site specific, but the
polymer costs for dewatering can be compared to the ultimate hauling costs. If the VERTAD™™
fed digesters can significantly reduce the final sludge volume for hauling, a net total cost
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reduction is possible even with higher polymer requirements. A convenient bench-scale
technique to assess the potential cake solids is needed.

Digestion Products

The soluble concentrations for COD, .polysaccharides and protein were analyzed to determine if
the thermophilic process affected the final digestion products. Both VERTAD™ fed digesters

- contained over double the soluble protein and polysaccharides concentrations in solution than the

control digester (Table 6). The two VERTAD™ fed digester sludges also exhibit similar
soluble COD concentrations, approximately 1.5 times the control digester concentrations.

Table 6—Summary of soluble products. Average values shown with standard
deviations.
~ 15 day - 11 day VERTAD™
Control | yERTAD™ | VERTAD™ |  product THS
Soluble COD ' '
(2 COD/L) 2.00 3.61 . 3.89 4.95 4.89
Seluble | » .
Polysaccharide | 222127 422+120 421166 1440+260 325146
(mg glucose/L) :
Soluble Protein |
(mg protein as | 400£19 1020438 108082 23404210 | 7210+£190
BSA/L)

Figures 9 and 10 plot the polymer demand of each of the digesters versus their soluble protein
and soluble carbohydrate concentrations respectively. A trend of increased polymer demand
with increased soluble protein and soluble polysaccharide is observed. This follows the trend of
higher soluble protein concentrations and poorer dewaterability, based on CST tests, reported by
Novak et al. (1999 WEFTEC papers) for both aerobically and anaerobically digested sludge:
Novak et al. (1999) were also not able to characterize cake solids for the digested solids -
investigated. -

Conclusions

. Bench-scale anaerobic mesophilic digesters were operated to determine the effect of VERTAD™

pre-treatment on mesophilic digester performance and sludge characteristics. The control
digester was operated at an 11-day SRT and fed thickened primary/waste activated sludge. The
other two digesters were operated at 15-day and 11-day SRTs respectively and fed the
VERTAD™ product. Throughout the research period, the VERTAD™ process was operated at
a 4-day SRT.

The percent VS destruction efficiency was higher for the dual-digestion system at 66% and 64%
for the 15-day and 11-day digesters respectively, compared to 52% destruction in the control
digester. For percent TS destruction efficiency, the dual digestion system had 55% and 52%
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removal efficiencies for the 15-day and 11-day digesters respectively, compared to 42%
destruction in the control digester. The higher destruction efficiencies can be attributed to the
- longer digestion time provided by the VERTAD™ pretreatment and longer digestion time in the

case of the 15-day VERTAD™ -fed digester. The pre-treatment thus results in a decrease in the -

final solids mass of about 20% compared to mesophilic digestion alone.

The solids destruction efficiency and gas production across the mesophilic digesters was not
greatly decreased following the VERTAD™ pre-treatment. The VS destruction averaged 49%
and 46% for the 15-day and 11-day digesters respectively, compared to 52% for the control
digester. Since the methane production is expected to be proportional to the VS destruction, the
two VERTAD™ fed digesters would expect to produce 6% and 12% less methane than the
mesophilic digester alone.

No foaming was observed in the two VERTAD™ fed digesters while foaming posed a
significant problem in the control digester. :

The dewaterability of the digester contents was assessed with the Capillary Suction Time test.
Similar CSTs were attained from each of the digesters, but the amount of polymer demand rose
significantly for the dual-digested sludges. The polymer doses required to achieve a minimum
CST value for both VERTAD™ fed sludges was nearly triple the polymer needed for the control
digester. The control digester required about 30 Ib polymer/dry ton which compares to the 24-28
Ib/dry ton used at the ESRP for the belt filter presses.

The VERTAD™ fed digesters also had much higher soluble protein and soluble polysaccharide
concentrations, approximately double the mesophilic digester’s concentrations. The increased
polymer demand seems to trend with an increase in soluble protein and polysaccharide
concentrations. The mesophilic digestion following VERTAD ™ treatment did not appear to
improve dewaterability of the VERTAD ™ sludge.

Future Research

This bench-scale research provided information on how the VERTAD™ process effected
anaerobic digestion in a dual digestion process. For the short operating SRT used in the
VERTAD™ process, there was not a significant impact on the digestion rates in the anaerobic
process following VERTAD™ treatment.

The main issue that effects the benefits and economics of VERTAD™ pretreatment is how
VERTAD™ treatment effects sludge dewaterability. The CST bench-scale testing were not
adequate to assess the possible cake solids following belt filter press or centrifuge dewatering of
the dual digestion sludge. Pilot plant digestion with pilot plant dewatering equipment is needed
to better assess VERTAD™ treatment benefits. More research is needed to develop bench scale
test methods to assess sludge dewaterability in a way that can relate bench scale results to
possible cake solids from full scale dewatering equipment.
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The VERTAD™ process in this study used a 4-day SRT. Lower SRTs should be tested to
determine if a more optimal dual digestion design can be developed. The effect of the
VERTAD™ SRT on sludge characteristics should be investigated to develop a more optimal
dual digestion system design. This may best be done in pilot plant studies unless a valid bench
scale procedure to assess dewaterability is developed.

Research is needed on pathogen destruction kinetics to provide more specific criteria for
selection of the time and temperature of the pasteurization step in dual-digestion processes.
Tests should be performed to determine the lowest VERTAD™ SRT that can be operated to
maintain class A biosolids to decrease the overall detention time allowing the footprint to
decrease.
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Appendix B—Volatile Solids Reduction Calculations. Average values shown with standard

deviations.
| Control 15 day 11 day VERTAD
Digester | © |VERTAD| ° |VERTAD| ° | Product| °
% VSR (UW) 51.54 1.73 48.95 0.88 4563 1.20 15.99 6.73
Overall VSR (UW)1 51.54 173 57.58 2.56 54'.36 274 —— | ——
% VSR (ESRP) i 56.93 2.66 48.01 3.86 44 68 475 33.20 1.90
Overall VSR :
(ESRP) 56.93 266 62.89 3.14 60.59 3.38 —_—
VS/TS ratio
(ESRP) 53.81 469 ‘ 61.99 3.51 59.90 3. —_— | ——
VS/TS ratio (UW) 53.12 4.26 61.39 1.87 59.25 1.64 —_— | —
combined VSR — | ——]| 65.91 0.49 63.70 0.80 —_— ) —
Volatile Solids Reduction Equations:
; Vs *Q. - VS *
% VS reduction = —2——="__ o * Qout 100
VSin * Qin

. v, =V
VS/TS ratio = — :"
Vin - (Vin Vout)

*100

2

Where: v=VS/TS

» " VSR
Combined VSR = [(——1”“&:”&)

100

1 VRomrioim (VSR

100

digester J] * 100

21



- APPENDIX B

Process Flow Diagrams
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- VERTAD™ Design Spreadsheets by NORAM

Cost Estimates and Cost Model Adaptation by E&A and King County



~ APPENDIX D (a)

North Treatment Plant Cost Estimates
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North Treatment Plant VERTAD Alternative Analysis

COMMON TO ALL ALTERNATIVES

B o = aE =

9-26-00 North Plant sénsitivity-cost check.xlsCommon 1

Planning Period yr 2019
Influent Waste Water Flow mgd ' 36
Peaking Factors
Annual Average 1
Peak 3-week 1.22
Peak Week 1.52
Peak Day 1.66
Solids Unit Production Rate
Primary Sludge Ibs-tss/MG 1310
Waste Activated Sludge Ibs-tss/IMG 770
Thickened Sludge Ibs-tss/MG 1870
Solids Concentration
Primary Sludge percent solids 0.6%
Waste Activated Sludge percent solids 0.5%
Thickened Sludge percent solids 5.5%
Volatile Solids Ratio
Primary Sludge percent of tss 80%
Waste Activated Sludge percent of tss 76%
Thickened Sludge percent of tss 79%
Summer Sludge Temperature F 71
Winter Sludge Temperature F 57
Thermophilic Operating Temperature F 135
Mesophilic Operating Temperature F 95
Digester Cone Volume Percent Active percent 75%
Digester Gas Production (cf/ib vs dest) - 15
Table 1.2
Projected Solids Process Flows and Loads
EDRP Digester 5§ Predesign
Raw Solids Flow Flow TSS VSS
Primary Sludge L_gpm gpd Ibs/day Ibs/day
Average Annual 6541 942 446 47160{ 37,728
Peak 3-Week 805} 1,159,073 58,000 46,400
Peak Day 1,082| 1,558,753 78,000 62,400
Waste Activated Sludge :
Average Annual 462! 664,748 27,720 21,067
Peak 3-Week 563 810,993 33,818 25,702
Peak Day 766] 1,103,482 48,015 34,972
Mixed Sludge
Average Annual 1,116] 1,607,194 74,880 58,795
Peak 3-Week 1,368( 1,970,066 - 91,818f. 72,102
Peak Day 1,849] 2,662,235] 124,015 97,372
Thickening

2/13/01




DAFTS
Number of Units no. 4
Diameter ft 55
Number of Units no. 2
Diameter ft 65
Total Surface Area sft|  16,140|
Solids Loading, All DAFT's in service
Average Annual ib/sf/day 4.6
Peak 3-Week Ib/sfiday 57
Peak Day ib/sf/day 7.7
Solids Loading, one DAFT out of service .
Average Annual Ib/sfiday 5.8
Peak 3-Week Ib/st/day 7.2
Peak Day Ib/sfiday 9.7
Thickened Solids Flow Flow TSS VSS
Thickened Sludge |___gpm gpd Ibs/day | Ibs/day
Average Annual 102| 146,763 67,320 53,183
Peak 3-Week 124} 179,050 82,130 64,883
Peak Day 169| 243,626| 111,751 88,283
TSS VSS
DT/day | DT/day
Average Annual 34 27
Peak 3-Week 41 32
Peak Week 52 40
Peak Day 56 44
Thickened Sludge Blending Tank
Number of Units no. 1
Diameter ft 8
Sidewater Depth ft 15
Tank Voiume gallons 5,640
Total Volume gallons 5,640
. Detention Time
Average Annuai minutes 55.3
Peak 3-Week minutes 454
Peak Day minutes 33.3
9-26-00 North Plant sensitivity-cost check.xiIsCommon 2 2/13/01
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North Treatment Plant VERTAD Alternative Analysis

ANAEROBIC DIGESTION AND CENTRIFUGE DEWATERING

Volatile Solids Reduction in Digesters percent 55%
Dewatering Solids Capture percent 92.5%
Dewatered Cake Solids percent solids 23.40%
Anaerobic Mesophillic Digesters
Existing
Number of Units (existing) no. 2
Diameter ft 100
Sidewater Depth ft © 35.0
Tank Cylindrical Volume galions 2,056,172
Tank Cone Volume gallons 234,088
Effective Tank Volume (includes 75% of cone) gallons 2,231,738
Total Existing Volume gallons 4,463,477
Total Volume gallons 4,463,477
Detention Time
All Digesters in Service
Average Annual days 30.4
Peak 3-Week days 24.9
Peak Day days 18.3
One Digester Out of Service
Average Annual days 15.2
Peak 3-Week days 12.5
Peak Day days 9.2
Volatile Solids Loading,
All Digesters in Service
Average Annual Ibs-vs/cf/day 0.09
Peak 3-Week. Ibs-vs/cf/day 0.1
Peak Day Ibs-vs/cf/day 0.15
One Digester Out of Service
Average Annual Ibs-vs/cf/day 0.1
Peak 3-Week lbs-vs/cf/day 0.14
Peak Day |bs-vs/cf/day 0.18
Heat Demand S/N surface ratio
Digester Heat Loss to Control Bldg BTUH 62,543 0.33
Digester Heat Loss from Shell - BTUH 166,649 0.57 common
Average Annual BTUH 2,665,591 729,140| 1,936,451
Peak 3-Week BTUH 3,091,610
Peak Day BTUH| 3,943,648
Digester Gas Production
Average Annual cf/day 438,758
Peak 3-Week cf/day 535,285
Peak Day " cfiday 728,338
Digested Solids . Flow Flow TSS VSS
Digested Sludge gpm gpd Ibs/day |bs/day
Average Annual 102 146,763 38,069 23,932
Peak 3-Week 124 179,050 46,445 29,197
Peak Day 169 243,626 63,195 39,728
Digested Sludge Storage )
Blending Storage Tank
Diameter ft 100
Sidewater Depth ft 38.0
Tank Cylindrical Volume gallons 2,232,416
Tank Cone Volume gallons{ Not Included
Effective Tank Volume (includes 0% of cone) gallons 2,232,416
9-26-00 North Plant sensitivity-cost checkBase Case 1 2/28/01




Totat BST Volume galions 2,232,416
Maximum Storage Capacity
Average Annual days 16.2
Peak 3-Week days 12.5
Peak Day days 9.2
Dewatering Flow TSS Concentration |
Loading gpm Ibs/day % solids |
Average Annual 102 38,069 3.11%
Max 3-Week 124 46,445 311%
Max Week —> 155 57,866 3.11%
Peak Day 169 63,195 3.11%
Centrifuge Dewatering
Number of Units Needed (max week + 1 unit) no. 20
Nominal Size model CP3074
Dewatering Capacity/Centrifuge lbs/hr 2,500
Operating Units at Annual Average Condition no. 0.6
Operating Units at Max 3-week Condition no. 0.8
Operating Units at Max Week Condition no. 1.0
Operating Units at Peak Day Condition no. 1.1
Dewatered Biosolids
Dry Solids TSS (lbs)
Average Annual ibs/day 35,214
Peak 3-Week lbs/day 42,961
Peak Day Ibs/day 58,456
Dry Solids TSS (tons) :
Average Annual dt/d 18
Peak 3-Week dvd 21
Peak Week dvd 27
" Peak Day dt/d 2.
Dry Solids VSS (lbs)
Average Annual Ibs/day 22,137
Peak 3-Week |bs/day 27,008
Peak Day Ibs/day 36,748
Wet Cake (lbs)
Average Annual wet |bs/day 150,488
Peak 3-Week wet |bs/day 183,596
Peak Day wet |bs/day 249,810
Wet Cake (tons)
Average Annual wet ton/day 75
Peak 3-Week wet ton/day g2
Peak Day wet ton/day 125
2/13/01
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North Treatment Plant VERTAD Alternative Analysis

THERMO-MESO DIGESTION W/ HOLD TANKS, 2 CENTRIFUGES

Thermo-Meso Digestion Assumptions

Total Volatile Solids Reduction in Digesters

percent 65.00%
Assumed contribution to total digestion ’
Themophilic Phase fraction 0.6
Mesophilic Phase fraction 0.4
Dewatering Solids Capture percent 92.5%
Centrifuge Dewatered Cake Solids percent solids 23.0%
Centridry Dried Cake Solids percent solids 55.0%
Dryed Product Capacity lbs/hr 0
Thermo-Meso Digestion Flows and Loads
Anaerobic Thermophillic Digester
Existing
Number of Units (existing) no. 1
Diameter . ft 64
Sidewater Depth ' ft 30.5
Tank Cylindrical Volume galions 733,924
Tank Cone Volume - gallons 234,088
Effective cone fraction 75%
Effective Tank Volume (includes 75% of cone) gallons 909,490
Total Existing Volume gallons 909,490
Total Volume gallons 909,490
Detention Time
Average Annual days 6.2
Peak 3-Week days 5.1
Peak Day days 3.7
Volatile Solids Loading
Average Annual Ibs-vs/cf/day 0.44
Peak 3-Week Ibs-vs/cf/day 0.53
Peak Day |bs-vs/cf/day 0.73
Heat Demand : S/N surface ratio
Digester Heat Loss to Control Bldg BTU/hr ' 33,505 0.33
Digester Heat Loss from Shell of 1 Digester BTU/hr 284,877 0.57
Average Annual BTU/hr 4,293,202
Peak 3-Week BTU/r 5,167,663
Peak Day BTU/r 6,916,584
Thermophilic Gas Production ‘
Average Annual cf/day 311,119
Peak 3-Week cf/day 379,566
Peak Day cf/day 516,458
Thermophilic Digested Solids Flow Flow TSS VSS
Digested Sludge gpm gpd Ibs/day Ibs/day
Average Annual 102 146,763 46,579 32,442
Peak 3-Week 124 179,050 56,826 39,579
Peak Day 169 243626 77,321 53,853
Class A Hold Tanks
Temp min temp for hold tank F 135
Temp min temp for hold tank _ ' C 57.22
Hold Time hrs 1.7
Size of 1 Hold Tank (at peak day) gal 118,902 15,896 cf
9-26-00 North Plant sensitivity-cost checkClass A Anaerobic ’ 1 2/28/01




Rough Dimensions
Estimated Heat Demand
Anaerobic Mesophillic Digesters
Existing
Number of Units (existing)
Diameter
Sidewater Depth
Tank Cylindrical Volume
Tank Cone Volume

Effective Tank Volume (includes 75% of cone)

Total Existing Volume
Total Volume
Detention Time
All Digesters in Service
Average Annual
Peak 3-Week
Peak Day

One Digester Out of Service, BST as a Digester

Average Annual
Peak 3-Week
Peak Day
Volatile Solids Loading
All Digesters in Service
' Average Annual
Peak 3-Week
Peak Day
One Digester Out of Service
Average Annual
Peak 3-Week
Peak Day
Cooling Demand
Digester Heat Loss to Control Bldg
Digester Heat Loss from Shell
Average Annual
Peak 3-Week
Peak Day @ 135 F
Gas Production Meso Digestion
Average Annual
Peak 3-Week
Peak Day
Digester Gas Production Total Digestion Process
Average Annual
Peak 3-Week
Peak Day
Digested Solids
Digested Sludge
Average Annual
Peak 3-Week
Peak Day
Digested Sludge Storage
Blending Storage Tank
Diameter
Sidewater Depth
Tank Cylindrical Volume
Tank Cone Voiume

Effective Tank Volume (includes 75% of cone) -

Total BST Volume

diaxht
BTU/r

no.

ft

ft
gallons
gallons
gallons
gallons
gallons

days
days
days

days
days
days

Ibs-vs/cf/day
Ibs-vs/cf/day
Ibs-vs/cf/day

Ibs-vs/cf/day
Ibs-vs/cf/day
Ibs-vs/cf/day

BTU/Mr
BTU/r
BTU/hr
BTU/Mr
BTU/hr

cf/day
cf/day
cf/day

cf/day
cf/day
cf/day

ft
ft
gallons
gallons
galions
gallons

Maximum Storage Capacity (no cone volume considered)

Average Annual
Peak 3-Week
Peak Day

9-26-00 North Plant sensitivity-cost checkClass A Anaerobic

days
days

days

30
229,783

-2
70
41.0
1,180,243
234,088
1,355,809
2,711,618
2,711,618

18.5
15.1
111

18.6
16.2
11.2

0.09
0.11
0.15

0.09
0.11
0.15

142,144

179,445
-1,357,890
-1,806,332
-2,703,214

207,413
253,044
344,305

518,532
632,609
860,764

22.5 feet

Per
Digester

-452,630
-602,111
-901,071

Flow
gapm

Flow TSS VSS
gpd lbs/day Ibs/day

102
124
169

146,763 32,751 18,614
179,050 39,956 22,709
243,626 54,367 30,899

60
35.00
740,222
234,088
915,788
915,788

5.0
41
3.0

2/28/01
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Dewatering Flow TSS Concentration |
' Loading gpm Ibs/day % solids
Average Annual 102 32,751 2.68%
Max 3-Week 124 39,956 2.68%
Max Week :> 155 49782| 2.68%
Peak Day 169 54,367 2.68%
Centridry Dewatering/Drying
Number of Units no. 0.0
Nominal Size model CD3074
Dewatering Capacity dry ibs/hr 0
Heat Demand BTU/hi 0
Centrifuge Dewatering
Number of Units Needed (Max Week + 1 unit) no. 2.0
Nominal Size model CP3074
Hydraulic Capacity/BFP gpm 2,500
Operating Units at Annual Average Condition no. 0.5
Operating Units at Max 3-week Condition no. 0.7
Operating Units at Max Week Condition no. 0.8
Operating Units at Peak Day Condition no. 0.9
Dewatered Biosolids :
Dry-Solids TSS (Ibs)
Average Annual Ibs/day 30,295
Peak 3-Week Ibs/day 36,960
Peak Day Ibs/day 50,289
. Dry Solids TSS (tons) '
Average Annual 15
Peak 3-Week 18
Peak Week 23
Peak Day 25
Dry Sofids VSS (Ibs) ‘
Average Annual Ibs/day 17,218
Peak 3-Week lbs/day 21,006
Peak Day lbs/day 28,582
Wet Cake from Centridry (Ibs)
Average Annual . wet Ibs/day 0
Peak 3-Week wet |bs/day 0
Peak Day wet Ibs/day 0
Wet Cake from Centrifuges (lbs)
Average Annual wet Ibs/day 131,717
Peak 3-Week wet Ibs/day 160,694
Peak Day wet Ibs/day 218,650
Wet Cake (Ibs)
Average Annual wet Ibs/day 131,717
Peak 3-Week wet Ibs/day 160,694
Peak Day wet Ibs/day 218,650
Wet Cake (tons)
Average Annual wet ton/day 66
Peak 3-Week wet ton/day 80
Peak Day wet ton/day 109
Thermo-Meso Digestion Capacity Extension Analysis
Thermophilic Digesters
Evaluation Criteria
1 Peak Day Thermophilic HRT > = 3.5 days
Volume gal 909,490
Max allowable Peak Day flow gpd 259,854
Max allowable average sludge flow = 156,539 |governs
9-26-00 North Plant sensitivity-cost checkClass A Anaerobic 3 2/28/01



Convert to Annual Average influent mgd 38
Year ESRP to Reach this fiow YR 2024
Mesophilic Digesters
2 Peak Day flow w/ all Digesters in service, DT >, = 10 days
Total Volume gal 2,711,618
Acceptable peak sludge flow = gpd 271,162
therefore average fiow = gpd 163,350
3 Max 3-week flow w/ 1 Digester out of
service & the BST as Meso Digester, DT >,= 10
Total Volume gal 2,723,533
Acceptable peak sludge flow = : gpd 272,353
therefore average flow = gpd 223,240
9-26-00 North Plant sensitivity-cost checkClass A Anaerobic 4
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COLOR CODING LEGEND:
CONSTANTS

INPUTS, VARIABLES
RESULTS. CALCULATED CELLS
GOAL SEEK VALUE

Design Criteria

Influent Specifications Flow Flow
(for year ?7) am epd.

Thickened Solids

Average Annual 104 149,129

Variables
Influent
Percentage of Total Solids to VERTAD
Dilutéd THS Concentration
THS Temperature
Dilution Water Temperature
Volatile Percentage of Total Solids

Reactor(s)
HRT
Temperature
Oxygen Transfer Efficiency
Oxygen Requirement
VS Destruction
COD Destruction
FOG Destruction
Ore-N Destruction .
Heat Generation
Biofilter Loading
Biofilter Temperature
Biofilter Off-gas Temperature

Product Constituents
Ammonia (NH,} .
Ammonium Bicarbonate (NH, HCO;)
% Bicarbonate Release to Float to this %tage
Product Flow per VerTad
VerTad Internal Solids Concentration

Flotation Thickener
Float Solids Concentration
Capture Efficiency
Surface Solids Loading
93% Sulfuric Acid Addition
Polymer Split to Flotation Thickeners

Anaerobic Digester
HRT
Temperature
VS Destruction
COD Destruction
FOG Destruction
Org-N Destruction

Internal TS concentration (Product)
Gas Production

Heat of Combustion of Methane
Specific Volume of Methane
Energy Constant

Digester Volume

Centrifuge
Cake Solids Concentration
Capture Efficiencv
Polvmer Addition
Polymer Concentration

Geology
Ground Temperature
Overall Transfer Coeff. (Shaft to Dirt)
Overall Transfer Coeff. (Head Tank to Air)

Ambient Air
Air Temperature

Equipment Sizing (Average Annual)
Reactor(s)
THS Flowrate
Dilution Water
Total Liquid Flow to Reactor(s)
Active Volume Required

Depth

Prepared by Jeff Guild

North Treatment Plant (Dual, 40%, 4 days) Last Printed: 2/28/01
TS TS Vs vs " cob. cop FOG FOG NH;
mgft Ibs/day g/l Ibs/day mg/l Tbs/day mg/ikg [bs/day mg/l

55,000 68,383 44,600 54,710 80,756 100413 24,735 30,764 681
100.0% %

5.5% % 55000 mg/l
O F
SOF
80.0% %
4 days
60 C 140 F
50.0% % 1
1.4 Ibs OyIb VS Destroyed
40.0% % 1
£0.0% %
90.0% %
45.0% %

9500 BmAAb VS Desroyed © - . . .
11.0 m'hr-w’
3C S6 F ’
30cC S6 F :
. .
1000 mg/t 1236 Ibiday ’
4,647 mgl
25.0% % - . ’

50 gpm
3.8% % 3%411 mpfl

7.0% % 69,545 mg/l
95.0% %

1.8 bAr 43.2 bA'd

721 mg 0.0004 gal H,SO,/gal Product
0.0% %

24 days
asc 95 F
50.0% %
50.0% %
50.0% %
50.0% %

4.5% % 45000 mgl
0.54 L CHJ/g COD,, (Jemy Yoo) 1
22,773 Bavlb CH4
24.2 dfb CH4
2546 Bu/hr/hp
914,257 gallons

30.0% % 300,000 mg/l

2.560 mg/l
10C G F
0.34 Blutr-F-f?
N/A Blutr-°F-n°
1sC 59 F
1084 gpm 149,129 gpd
0 gpm 0 gpd
104 gom 149,129 gpd
9743
350 ft - : ..
9-26-00 North Plant sensitivity-cost check: NP1 Pege 1



Diameter
Volume
Time Requirement at Reactor Temperature
Soak Zone Volume Required
Soak Zone Depth
Soak Zone Safety Factor
Actual Soak Zone Depth for Design
Actual Soak Zone Volume
Time in Soak Zone
Head Tank
" Sidewater Depth
Width
Length
Head Tank Surface Area
Active Volume
Total Active Volume per Reactor

Number of Reactors Required

Compressor(s)

Percentage of Energy Recoverable from Compressor

TS Loading on the Shafi(s)

Total VS Destroyed

Total Oxygen Requirement

OTE

Total Acration Requirement

Total Aeration Rate

Tota} Aeration Rate oer Shaft

Compressed Air Temperature
Voldase Check .

Voidage

Total Voidage in the Bioreactor(s) plus Head Tank(s)

Shaft Cross-sectional Area

Riser Cross-sectional Area
Downcomer Cross-sectional Area
Riser Liquid Velocity

Bubble Rise Velocity

Bulk Riser Velocity

Riser Flowrate

Acration at Top of Bioreactor
Voidage at the Top of a Bioreactor
Voidage at the Top of a Bioreactor

Blofitter(s)
Total Acration Rate to Shafi(s)
Biofilter Loading Rate
Total Biofilter Surface Area Required
Biofilter Surfaco Area per Shaft
Length of Biofilter
Width of Biofilter
Depth under Media
Media Depth
Standpipe Depth over Media
Active Volume per Biofilter (w/media)
Biofilter Porosity
Active Liquid Volume per Biofilter

Total Volume of Biofilter(s)
Total Condensation in the Biofilter(s)
Condensation per Biofilter

SAFT(s)
Total Off-Gas Flowratc
Total Product Flowrate
Product Concentration
Total Sulfuric Flowrate
Total Liquid Flow to SAFT(s)
TS Loading to the SAFT(s)
Surface Area Required
Number of SAFTs Reauired
Surface Area Required per SAFT
Width
Lenath
Sidewater Deoth
Free-board
Active Volume per SAFT

Total Volume of SAFT(s)
HRT of SAFT(s)

Product Storage Tank (SAFT Float Sollds)
Total Liquid Flow to SAFT(s)
TS Loading to the SAFT(s)
TS Subnatant Return from SAFT(s)

Prepered by Jeff Guild

North Treatment Plant (Dual, 40%, 4 days)

120 in —~
PPRITE L
257 min
1.9%s f
iR
L1
bR
2188 R
316 mm

19.0 R
iR
602 R
120t
12138
sv.862 '

2.0 /

20%
58,338 vday
21,881 Diday
30,838 Db/day

3ire

3513508 R'day

2340 scfin
1320 scfin
nc

0.63753 1’ per scfim of acration (at 14 scfim)

1562 &
92
wan
ws
25 fus

1.0 /s
18 fus
1247; R'mm

1,030 scfm

$3% %

154 scimf’

2440 scfin
11.0 oo’

1056 B
2028 &
60.7 R
B3IR
[
IR
an
16,361 &
40% %
300 2

DRETE
.73 gpm
1.36 gom

.59 gm

103 gom
13% %

103 gom
163 gpm
46,308 Dvday
1076 R}
2
IR
B4R
4010
120 8
1.0 R
6457 f

g
17 s

103 gpm
16,508 I/day
2,028 Dvday

109 &

4.8 br

il

Total VerTad Digester Volme:..
LT 596,514 gallans

oat Seelk

Sci cel 10 an even number. Solve for shatt diamscter

cell above (repeat for destred shalt dinmeter)

Last Printed: 2/28/01

1294 kg/hr
14 kghr
368,918 R/day
264218 iday Avalable encrgy with 20% recovery: -
673 bp 08 KW 345,074 Buvtr: .
@ F 1.220859. kWhi/kg VS destroyed- .- -~
0.390675 kWhr/kg TS in- Ll

2.0% of the active volume

; L]
1Sty bedow 14%0)
{Stuy briow dincfm () .
a

7 gpd
148,281 gpd
33411 mgN
53 gpd 0,43 ton/day
+48.310 gpd
1938 bax
Ratio of Volatile to Total Solids m VerTad
5.5% 48,338 Mvday TSm
Sty tedowe 2001 L1%} 13677.281 Dvday FSin
4.4%)| $4710.323 Dvday VS
.8 VS/TSin
2.6%| 11326.1%4 D/day VSowt
3.7%| 46801 775 Do/day TSowt
1.1%] 13677.53) Dvday FSout
0.7088324 VS/TSout
148340 gpd
1,938 Dvbr
97 htr

$-26-00 North Ptare sanatvy-cost check: NP1
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Thickened Solids (TS) from SAFT(s)
Thickened Solids from SAFT(s)

Volatile Solids from SAFT(s)

Total Subnatant Return from SAFT(s)
Subnatant Return Solids Concentration
Underflow Subnatant Return from SAFT(s)
HRT of Storage Tank(s).

Total Active Storage Tank Volume Required
Tank Height

Free-board

Maximum Sidewater Depth

Total Surface Area of Storage Tank(s)
Number of Storage Tanks Required

Width of Storage Tank(s)

Length of Storage Tank(s)

Anaerobic Digester(s)
Total Liquid Flow to Digester(s)
Total TS Loading to the Digester(s)
Total VS Loading to the Digester(s)
Number of Digesters Required

Liquid Flow per Digester

TS Loading per Digester

VS Loading per Digester

Inf) Solids C: ation

Desired Internal Solids Concentration
Desired Digester HRT

Actual Digester HRT

VS out of the Anaerobic Digester
TS out of the Anaerobic Digester
Liguid Flow per Digester

Product Solids Concentrationt

Total Digester Volume Requirement
Active Volume per Digester

Total Methane Production
Total Methane Production

Total Combined VS Destruction
Total Methane Production

Heat Available from Methane
Heat Available from Methane

North Treatment Plant (Dual, 40%, 4 days)

Last Printed: 2/28/01

NORAN Confidential

44,179 Ib/day 1.84} vhr
53 gpm 76,183 gpd
31,185 Iv/day 1,299 or
50 gom 72,152 gpd
3,865 mg/l 0.3%% %
15% % (Set by standpipe height in the subnatant trough)
4 s
1697 &
110 ft
Loft
w0
170 &
1
(kD]
127 R
.
53 gom 76.188 gpd
14,179 Ib/day 1,841 Ib/r
31,185 Ib/day 1.299 To/hr
Y .
26 gpm 38,094 gpd
22,08y Ib/day 920 Ibr
656 Tohr
69,545 mgN
45,000 mg/l
Gont Seck
Set cell cqual to value in cell E196,
amd ndjust celt D61
7,796 Ivday 328 vir
14.293 IVday 596 Ivhr
26 gpm 38,094 gpd Goal Seek
4.5% % 45.000 mg/t Set cell wqual to vatue in cofi D56,
1828514 gallons and adtust cell D42
914,257 gallons

6,154.333 Liday CH4
207,339 cf/day CH4
38297 VS destday
5.7 of CH4/Ib VS dest
204,519,143 Buy/day
3,521,631 Buvhr

3077167 L/day CH4 ~

Methane ver Anaerobic Digester

30,080

TS Loading from the Anaerobic Digester

Anaerobic Product Storage Tank
Total Liquid Flow to Tank
Anaerobic Product Solids Concentration
HRT of Storage Tank(s)
Total Active Storage Tank Volume Required
Tank Height
Free-board
Maximum Sidewater Depth
Total Surface Area of Storage Tank(s)
Number of Storage Tanks Required
Width of Storage Tank(s)
Length of Storage Tank(s)

Centrifuge(s)
Total Solids from Anaerobic Digester(s)
Total Solids from Anaerobic Digester(s)
Polymer Addition
Made-down Polymer Flowrate
Polymer Flowrate
Total Flow to Centrifuge(s)
Concentration of Flow to Centrifuge(s)
Total Mass Loading on Centrifuge(s)
Total Centrate Solids
Total Cake Solids
Total Wet Cake Solids

Total Cake Flow to Trucks
Cake Solids Concentration
Total Centrate Flow to Plant
Centrate Solids Concentration

OTHER
*Centrate Surge Tank Size
Retention Time Required
Centrate Flowrate
Total Volume Required
Number of Tanks

Prepared by Jeff Guild

28,586 Ib/day

33 gpm
4.5% %
4 brs
1697
11.0
Loft
109 R
7o
1
Bt
27 R

28,586 Ib/day
$3 gpm
20.0 [dry ton
9 gm
286 I/day
62 gpm
38655 mg/l
28372 b/day
1,444 b/day
27,423 Ivday
91,428 Wet I/day

7.6 gpm
300,000 mg/t
55 gpm
202 mg

9-26-00 North Plant sensitivty-cost check: NP1

-13,935.958  Btu/hr,

1.191 br

76.188 gpd

1191 Ivbr
76.188 gpd

13.392 gpd
12 b
59.581 gpd

3.9% %
1203 br
& Tb/hr

14 ton/day
15 Wet ton/day

10,965 gpd
30% %
18615 gpd
0219 %

78,615 gpd
546 gallons

Ity Use Only
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Prepered by Jeff Guid

North Treatment Plant (Dual, 40%, 4 days)

9-26-00 North Plant senstvay-cost check: NP1

Last Printed: 2/28/01

Page 4

" Volume Required per Tank 36 R 273 gallons
Tank Height ) : LI
Tank Diameter 2R u " , E " , a l
Sulfuric Acid Tank Size
# of Days of Sulfunc Acid Supply Required 7 days _ [ ’ .
Total Sulfuric Flowrate .04 gpm 58 gpd
Total Volume Required wn? Ny gallons
Tank Height w0 f
Tank Diameter T1A R '
Influent Preheat Heut Exchanger
Heat Recoverv per Shaft 1044585 Bwhr
Heat Transfer Coetficient 78 Buwtr-°F At
Sludge to Sludge Temperature Approach Ve
Hot Product Supply éni: ¢ Wi F
Cool Influent Sludge 86 C $%F
Tempered Product Return 315 C 9IS F
Preheated Sludge to Shatt sTscC 995 F N
Log Mean Differential Temperature Cl8C 4 F
# of Heat Exchangers 2
Surface Area for each Heat Exchanger s tt?
Flowrate of product sludge through exchanger X gpm
Shaft internal Recycle Heat Exchanger
Cooling Requirement per Shatt 1.984.126 Bavkr '
Heat Transfer Cocefficient 78 Buwhr-°F-R’
Sludge to Water Temperature Approach sC
Sludge Supply G006 C 140 F
Céoﬁng Water Supply o C SOF
Sludge Return 450 C 113 F
Cooling Water Return @oC 2F
Log Mean Differential Temperature ¢ WG F
# of Heat Exchangers 2
Surface Arca for ecach Heat Exchanger 36 R |
Flowrate of reactor sludge through exchanger 110 gmm
Flowrate of water through exchanger 55 gpm
Blofiiter Heat Exchanger
Cooling Requirement per Biofilter 731657 Bt
Biofilter Temperature WcC b
Heat Transfer Coeflicient 75 Bavhr-F 4t/
Water to Water Temperature Approach 0C
Biofilter Supply 300 C 36 F
Cooling Water Supply e C HF
Biotilter Retumn 200 C 8 F
Cooling Water Retun 200 C 68 F
Differential Temperature 10.¢C 12F
Surface Area for cach Heat Exchanger s
# of Heat Exchangers ]
Flowrate of biofilter liquor through exchanger St gm
Flowrate of water through exchanger ) gm
Tumover time in the biofilter 96y qun 162 brs
Energy Recovery and Generation
Total Heat Recovery from VerTad System 7.826.43F Bayvhr
Heat Generation from VerTad Intemal Recycle 3.569.151 Butx {AS 122°F cooling wala reton)
Heat Removal from Biofilter 11678S) Bt
Heat used to Preheat Sludge to VerTad 1.089.4% Bumr
Heat available from the Compressors 345,071 Bt (As 185°F cooling water retum)



- .S aGE .

COLOR CODING LEGEND:
CONSTANTS

INPUTS, VARIABLES
RESULTS, CALCULATED CIELLS
GOAL SEER VALLL

Design Criteria
Influent Specifications Flow
(for year 7?) m
Thickened Solids
Average Annual 04
Variables
Influent
Percentage of Total Solids to VERTAD
Diluted THS Concentration
THS Temperature

Dilution Water Temperature
Volatile Percentage of Total Solids

Reactor(s)
HRT
Temperature
Oxygen Transfer Efficiency
Oxygen Requirement
VS Destruction
COD Destruction
FOG Destruction
Ore-N Destruction
Heat Generation
Biofilter Loading
Biofilter Temperature
Biofilter Off-gas Temperature

Product Constituents
Ammonia (NH;)
Ammonium Bicarbonate (NH, HCO;)

149,129

% Bicarbonate Release to Float to this %tage

Product Flow per VerTad
VerTad Internat Solids Concentration

Flotation Thickener
Float Solids Concentration
Capture Efficiency
Surface Solids Loading
93% Sulfuric Acid Addition
Polymer Split to Flotation Thickeners

Anaerobic Digester
HRT
Temperature
VS Destruction
COD Destruction
FOG Destruction
Org-N Destruction

Internal TS concentration (Product)
Gas Production ’

Heat of Combustion of Methane
Specific Volume of Methane
Energy Constant

Digester Volume

Centrifuge
Cake Solids Concentration
Caoture Efficiencv
Polvmer Addition
Polymer Concentration

Geology .
Ground Temperature
Overall Transfer Coeff. (Shaft to Dirt)

Overall Transfer Coeff. (Head Tank to Air)

Ambient Alr
Air Temperature

Equipment Sizing (Average Annual)

Reactor(s)
* THS Flowrate

Prepared by Jeff Guild

North Treatment Plant (Dual, time-temp)

TS TS Vs vs
wg/l Ibs/day mgfl bs/day
55,000 68,388 44000 MU
55,0600 mg/l
9 F
S6 F
80.0% %
1.6 days
60 C jan F
40.0% %

1.4 Ibs Oyl VS Destroyed
16% %
2% %
90% %
16% %

<. 9000 Bu/lb VS Destroyed - -

11.0 m’br-m*
30C
30C

1000 mg/l

1.617 mg/l
25.0% %

31 gpm
4.9% %

7.3% %
95.0% %
1.8 bt'r
721 mg/l
0.0% %

24 days

s C
58.5% %
58.5% %
58.5% %
£8.5% %

4.5% %
0.54 L CHy/g CODpegy
22,773 Ba/b CH4
242 b CH4
2546 Btuhrp
1,104,881 gallons

30.0% %
95.0% %

0.26% %

10¢
0.34 Butr-Fn
NIA Btutr-°F-°

15C

104 gpm

1240 vday

48,603 mgft

73,232 mg/l

43.2 bR
0.0004 gal H,SO/gal Product

95 F

45,000 mg/
(Jemy Yoo)

300,000 mg/l

S9F

149.129 gpd

9-26-00 North Plart ssnstivity-cost check; NP2

Last Printed: 2/28/01

FOG FOG NH,
mg/kg Ibe/day mgh
24,735 0,764 681

entidl
st Dnly

Bonfi
Bounty

Page 1



Dilution Water
Total Liquid Flow to Reactor(s)
Active Volume Required

Shaft
Deoth
Diameter
Volume
Time Requirement at Reactor Tempcrature
Soak Zone Volume Required
Soak Zone Depth
Soak Zone Safety Factor
Actual Soak Zone Depth for Design
Actual Soak Zone Volume
Time in Soak Zone

Head Tank
Sidewater Depth
Width
Length
Head Tank Surface Arca
Active Volume

Total Active Votlume per Reactor

Number of Reactors Required

Compressor(s)
Percentage of Energy Recoverable from Compressor
TS Loading on the Shafi(s)
Total VS Destroyed
Total Oxygen Requirement
OTE
Total Aeration Requirement
Total Aeration Rate
Total Aeration Rate per Shaft
Compressed Air Temperature
Vaidace Check
Voidage
Total Voidage in the Bioreactor(s) plus Head Tank(s)
Shaft Cross-sectional Area
Riser Cross-sectional Area
Downcomer Cross-sectional Area
Riser Liqud Velocity
Bubble Rise Velocity
Bulk Riser Velocity
Riser Flowrate
Aeratian at Top of Bioreactor
Voidage at the Top of a Bioreactor
Voidage at the Top of a Bioreactor

Blofliter(s)
Total Aeration Rate to Shafi(s)
Biofilter Loading Rate
Total Biofilter Surface Area Required
Biofilter Surface Area per Shaft
Length of Biofilter
Width of Biofilter
Depth under Media
Media Depth
Standpipe Depth over Media
Active Volume per Biofilter (w/media)
Biofilter Porosity
Active Liquid Volume per Biofilter

Total Volume of Biofilter(s)
Total Condensation in the Biofiter(s)
Condensation per Biofilter

SAFT(s)
Total Off-Gas Flowrate
Total Product Flowrate
Product Concentration
Total Sulfuric Flowrate
Total Liquid Flow to SAFT(s)
TS Loading to the SAFT(s)
Surface Area Required
Number of SAFTs Reauired
Surface Area Required per SAFT
Width
Leneth
Sidewater Deoth

Prepered by Jetf Guld

North Treatment Ptant (Dual, time-temp)

0 grm
104 gpm
31379 #’

3% 1
80 i
e
2%7 min
LowT A
s6a R
11
60 ft
2usf R
MG mim |

67 R
134 R
402 R
ax

1696 8’

15938 R

" gpd
149,129 gpd

Last Printed: 2/28/01

67/ [NB: Could use a single 1SR diameter reactor .. |

53t

Total VerTad Digester. Vohme: -*
238,468 gallons - .

2im -/

200
63,388 Dvday
9749 Dviday
12,248 Miday
S
1.785.739 RYday
1219 scfu
£10 scfin
32C

Coul Seek

et cell to an even nunaher, Sodve for shalt dinmerey

cet nbove (repeat for desived shatt dhuneter)

1294 kg/tr
168 kghr
147.482 A'iday
132,032 Mvday
339 bp 253 kW
s0 F 1.526074 kWhi/kg VS destroyed:

0.195225 -kWhr/kg TS in-

0.6375) A} per scfm of acration (at 14 scfin)

357 g’
3828
264 &

g

25 fis

1.0 /s

35 s
£549 A’%min
£50 scfim
9% %
17. schnft’

1.219 scfm
1o m'rm?
2027
1013 A7
2 f
2R
1R
9 R
3
13,175 &
10% %
saft

26,352 A
1.34 gpm
9.68 gpm

0.2y gpm
103 gom
195 %
@4 gom
103 grm
19.619 Vday
1381 f
2
600 &
12 R
4551
120 f

{Stay bebin 140}
Stay Indow dnafm 16}

2.7% of the active volume

423 gpd
148703 gpd
48,603 mgl
53 gpd . 0.4¢ ton/day
148,764 gpd
298¢ Ivir
Ratio of Volatile to Total Solids n VerTad

5.5%| 683K8 Ivday TSin

(Stay beluw 260y 1.1%] 13677531 Dvday FSm

4.4%] 1710325 Rvday VS

0.8 VS/TSin

9-26-00 North Plent senitvMily-cost checc NP2

Pege 2
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North Treatment Plant (Dual, time-temp) Last Printed: 2/28/01

3.7%) 45961.715 b/day VSout

\ Free-board Loft
Active Volume per SAFT 3283 i ' 4.8%)| 59639.295 Dvday TSout
1.1%§ 13677.581 [b/day FSout
Total Volume of SAFT(s) 17947 i3 . 0.7706616 VS/TSout
HRT of SAFT(s) ' 22 brs
Product Storage Tank (SAFT Float Solids) ,
Total Liquid Flow to SAFT(s) 103 gpm 148,764 gpd
TS Loading to the SAFT(s) $9,639 Ib/day 2485 Ivhr
TS Subnatant Return from SAFT(s) 2.982 Ib/day 124 b/ir
Thickened Solids (TS) from SAFT(s) 56,657 To/day 2361 Dvhr
Thickened Solids from SAFT(s) 64 gpm 92,790 gpd
Volatile Solids from SAFT(s) 43,664 b/day 1.819 Ivhr
Total Subnatant Return from SAFT(s) 39 gom 53974 gpd
Subnatant Return Solids Concentration 6,389 mg/l 0.64% %
Underflow Subnatant Return from SAFT(s) 15% % (Set by standpipe height in the subnatant trough)
HRT of Storage Tank(s) 4 brs
Total Active Storage Tank Volume Required 2067 &
Tank Height 1nof
Free-board .08
Maximum Sidewater Depth 10.0 f .
Total Surface Area of Storage Tank(s) 207 & : :
Number of Storage Tanks Required 1
Width of Storage Tank(s) I5ft
Length of Storage Tank(s) 16 A
Anaerobic Digester(s) i H
Total Liquid Flow to Digester(s) 64 gom .
Total TS Loading to the Digester(s) 56,657 vday N
Total VS Loading to the Digester(s) 43.661 Ib/day : B
Number of Digesters Required 2 K
Liquid Flow per Digester 12 gom 16395 gpd
TS Loading per Digester 28329 Dv/day 1180 I/
VS Loading per Digester 21,832 Ib/day 910 Ib/r
Influent Solids Concentration 7.3% % 73,232 mgl
Desired Internal Sotids Concentration 1.5% % 45,600 mg
Desired Digester HRT 4.0 days Geaat Seck
Actual Digester HRT 23.8 days Set cell cqual to vatue in cell £396,
and adjust celi D61
VS out of the Anaerobic Digester 9.060 Ib/day 378 b/
TS out of the Anaerobic Digester 15.337 Dvday 648 /b
Liquid Flow per Digester 32 gpm 46,395 gpd Goat Seek
Product Solids Concentration L8 % 40216 mgl Set cell equal to value in cell D56,
Total Digester Volume Requirement 2,226,951 gallons and adjust cel} D42
Active Volume ver Digester 1.113.475 gallons

Total Methane Production

Total Methane Production

Total Combined VS Destruction
Total Methane Production

Heat Available from Methane
Heat Available from Methane

Methane per Anaerobic Digester

378.1i8,201 Boyday

11378.228 Liday CH4
401,821 cf/day CH4
35.636 VS dest/day
\1.3 of CHA/D VS dest

15,754,925 Bu/hr

5,699,114 L/day CHa

Overiill.Combined: VS Destruction

TS Loading from the Anaerobic Digester -

Anaerobic Product Storage Tank
Total Liquid Flow to Tank
Anaerobic Product Solids Concentration
HRT of Storage Tank(s)
Total Active Storage Tank Volume Required
Tank Height
Free-board
Maximum Sidewater Depth
Total Surface Area of Storage Tank(s)
Number of Storage Tanks Required
Width of Storage Tank(s)
Length of Storage Tank(s)

Centrifuge(s)
Total Solids from Anaerobic Digester(s)
Total Solids from Anaerobic Digester(s)
Polymer Addition
Made-down Polymer Flowrate
Polymer Flowrate
Total Flow to Centrifuge(s)
Concentration of Flow to Centrifuge(s)
Total Mass Loading on Centrifuge(s)
Total Centrate Solids

Prepared by Jeff Guild

3114 vday 1.296 Iix
64 gpm 92,790 gpd
40% %
4 brs
2067 @2
1LO R
1.0
wof
207 f
1
15 R
3.6 R
31114 Tb/day 1,296 Ibix
64 gom 92,790 gpd
20.0 I/dry tan
10 gom 14,577 gpd
311 D/day 13 r
75 gom 107.366 gpd
35,104 mg 3.5% %
31425 Ib/day 1309 Iohr
1,571 I/day 65 Do/r

$-26-00 North Plent sensitivity-cost checi; NP2

Page 3



Total Cake Solids
Total Wet Cake Solids

Total Cake Flow to Trucks
Cake Solids Concentration
Total Centrate Flow to Plant
Centrate Solids Concentration

Centrate Surge Tank Size

Retention Time Required
Centrate Flowrate

Total Volume Required
Number of Tanks

Volume Required per Tank
Tank Height

Tank Diameter

Sulfuric Acid Tank Size

# of Days of Sulfunc Acid Supply Required
Total Sulfuric Flowrate

Total Volume Required

Tank Height

Tank Diameter

Influent Preheat Heat Exchanger

Heat Recovery per Shaft

Heat Transfer CoefBicient

Sludge to Sludge Temperature Approach
Hot Product Supply

Cool Influent Sludge

Tempered Product Retumn

Preheated Sludge to Shaft

Log Mean Differential Temperature

# of Heat Exchangers

Surface Area for each Heat Exchanger
Flowrste of product sjudge through exchanger

Shaft Internal Recycle Heat Exchanger

Cooling Requirement per Shaft

Heat Transfer Coefficient

Studge to Water Temperature Approach
Sludge Supply

Cooling Water Supply

Shudge Return

Cooting Water Return

Log Mean Differential Temperature

# of Heat Exchangers

Surface Area for cach Heat Exchanger
Flowrate of reactor studge through exchanger
Flowrate of water through exchanger

BlofNlter Heat Exchanger

Cooling Requirement per Biofilter
Biofilter Temperature

Heat Transfer CoefBicient

Water to Water Temperature Approach
Biofilter Supply

Cooling Water Supply

Biofilter Retum

Cooling Water Return

Differential Temperature

Surface Area for each Heat Exchanger
# of Heat Exchangers

Flowrate of biofilter liquor through exchanger
Flowrate of water through exchanger
Turnover time in the biofilter

Energy Recovery and Generation

Total Heat Recovery from VerTad System
Heat Generation from VerTad Intemnal Recycle
Heat Removal from Biofilter

Heat used to Preheat Sludge to VerTad

Heat available from the Compressors

Prepared by Jeff Guild

North Treatment Plant (Dual, time-temp)

29.85) I/cay

W13 Wet Dvday

83 gpm
300,000 mght
1975 mpl

10 mim
66 gpm
8 R’

o f
sf
st

7 days
C 04 gpm
s

10f
26 ft

1.047.714 Batr

78 BuhrFa°

oC
@0 C
159 C
318 C
37.:C
28 C

5

s ft?

52 gpm .

& Bruvhr

78 Buvtr-F-R?

sC
60.0 C
100 C
480 C
500 C
o C

N

nf
6 gan
¢ gm

366,668 Bautr
30C

75 Bux-F-!

0C
00 C
woe C
200 C
200C
100 C
!

11 gpm
4] gpm
949 oun

1.829.019 Butr
0 Buvhr
713,403 Buvhr
2095616 Butr
172,428 Butxr

9-26-00 North Ptant ssniitvity-cos! check. NP2 . Pege 4

Last Printed: 2/28/01

13 toorday
S0 Wet tan/day

11,93 gpd

%

95,431 gpd
06.20% %

95,431 gpd
663 gallons

563 gallons

= NORAM Gonfidential @
For King Gounty Use Only

MOF
9F
995 F
99.5 F
41 F

e F
S F
U F
122F
M F

1€.2 brs

(As 122°F cooling water return}



COLOR CODING LEGEND:
CONSTANTS

INPUTS, VARIABLES
RESULTS, CALCULATED CELLY
LOAL SERK VALUY.

North Treatment Plant (no Ana, 40%, 4 days)

Last Printed: 2/28/01

- FOG FOG NH;
mg/kg Ibs/day mgl
24,735 30.764 681
24,735 46,761 ' 681

NORAM Gonfidentia

Peaking Factor = 1.52
Design Criteria
Influent Specifications Fow Flow TS i vs vs cop cop
(for year ??) gpm gpd mgl Ibs/day mgh Ibs/day mgh 1bs/day
Thickened Solids
Average Annual 104 149,129 55,000 68,388 44,000 54,710 80,756 100,413
Peak 157 226,675 55,000 103,950 44,000 83,160 80,756 152,628
Variables
Influent .
Percentage of Total Solids to VERTAD 100.0% %
Diluted THS Concentration 5.5% % 55.000-mght
THS Temoerature 59 F
Dilution Water Temperature 0F
Volatile Percentage of Total Solids -
Reactor(s)
HRT 4 days
Temperature 60 C 140 F
Oxygen Transfer Efficiency 50.0% % .
Oxygen Requirement 1.4 1bs O,/1b V8 Destroy
VS Destruction 40.0% % .
COD Destruction 50.0% % 1
FOG Destruction T 90.0% %
Ore-N Destruction 45.0% % .
Heat Generation 9000 Btulb-VS Destroyed .
Biofilter Loading 11.0 m'/hr-m*
Biofilter Temperature 30C 86 F
Biofilter Off-gas Temperature 0cC 86 F
Product Constituents
Ammonia (NH,) 1000 mgA 1879 lb/day
Ammonium Bicarbonate QNH, HCOy) 4,647 mgl
% Bicarbonate Release to Float to this %tage 25.0% %
Product Flow per VerTad 77 gpm
VerTad Internal Solids Concentration 3.8% % 38411 mgl
Flotation Thickener .
Float Solids Concentration 10.0% % 100,000 mgA
Capture Efficiency 95.0% %
Surface Solids Loading 1.8 /e 43.2 I/A¥rd
93% Sulfuric Acid Addition 721 mgh 0.0004 gal H,SO/gal Product
Polymer Split to Flotation Thickeners 0.0% %
Anaerobic Digester
HRT 24 days
Temperature ascC 9 F
"VS Destruction 50.0% % 1
COD Destruction 50.0% %
FOG Destruction 50.0% %
Org-N Destruction 50.0% %
Intemal TS concentration (Product) 4.5% % 45,000 mgA
Gas Production 0.54 L CHy/g CODepy (Jermy Yoo) 1
Heat of Combustion of Methane 22,773 Btwlb CH4
Specific Volume of Methane 24.2 cf1b CH4
Energy Constant 2546 Btwhr/hp
Digester Volume 2,000,000 gallons
Centrifuge
Cake Solids Concentration 30.0% % 300,000 mg/l
Capture Efficiencv 95.0% %
Polvmer Addition
Polymer Concentration 0.26% % 2,560 mgh
Geology
Ground Temperature 10C : SOF
Overall Transfer Coeff. (Shaft to Dirt) 0.34 Btwhr-F-?
Overall Transfer Coeff. (Head Tank to Air) N/A Btufhr-°F-t°
Ambient Air .
Air Temperature 15C MF

Prepared by Jeft Guild

8-26-00 North Plant sensitivty-cost check; NP3

bounty Use Only

Page 1



Equipment Sizing (Average Annual)
Reactor(s)

THS Flowrate

Dilution Water ¢

Shaft

Total Liquid Flow to Reactor(s)
Active Volume Required

Depth

Diameter

Volume

Time Requirement at Reactor Temperature
Soak Zone Volume Required

Soak Zone Depth

Soak Zone Safety Factor

Actual Soak Zone Depth for Design
Actual Soak Zone Volume

Time in Soak Zone

Head Tank

Sidewater Depth

Width

Leneth

Head Tank Surface Area
Active Volume

Total Active Volume per Reactor

Number of Reactors Required

Compressor(s)

Percentage of Encrgy Recoverable from Compressor
TS Loading on the Shaft(s)

Total VS Destroyed

Total Oxygen Requirement

OTE

Total Aeration Requirement

Total Aeration Rate

Total Acration Rate per Shaft

Compressed Air Temperature

VYoidage Check

Voidage

Total Voidage in the Bioreactor(s) plus Head Tank(s)
Shaft Cross-sectional Area

Riser Cross-sectional Area
Downcomer Cross-sectional Area
Riser Liquid Velocity

Bubble Rise Velocity

Bulk Riser Velocity

Riser Flowrate

Aeration at Top of Bioreactor
Voidage at the Top of a Bioreactor
Voidage at the Top of a Bioreactor

Biofilter(s)

Total Acration Rate to Shaft(s)
Biofilter Loading Rate

Total Biofilter Surface Area Required
Biofilter Surface Area per Shaft
Length of Biofilter

Width of Biofilter

Depth under Media

Media Depth

Standpipe Depth over Media

Active Volume per Biofilter (w/media)
Biofilter Porosity

Active Liquid Volume per Biofilter

Total Volume of Biofilter(s)
Total Condensation in the Biofilter(s)
Condensation per Biofilter

SAFT(s)

Total Off-Gas Flowrate

Total Product Flowrate
Product Concentration

Total Sulfunic Flowrate

Total Liquid Flow to SAFT(s)
TS Loading to the SAFT(s)
Surface Area Required

Prepared by Jeft Guild

North Treatment Plant (no Ana, 40%, 4 days) Last Printed: 2/28/01

157 gpm 226,675 gpd
0 gpm 0 gpd

iS7T gpm 226,675 gpd . . -
121,209 & ﬁ
350 f '

144 in 1o R
20731 R’\

]
287 min 4.8 hr
219 &
6.6 R .
1.1 .
PLEN ]
3n2 @
316 min Sy hr
120 R
230 f
21
17 Total VerTad Digester Volume:
0802 # . 906701 gallons .
60,583 R’
J Coal Seek
L Set cetl to an even number, Sofve for shaft diameter
cell above {repeut for desired shaft dtameter)
20%
103,950 Itvday 1966 kghr
33,264 Ibvday 629 kg/hr
46,569 Ib/day 460,755 R%day
sPs
$340.524 R%/day 401,607 Ib/day Available energy with 20% recovery:.”
3,709 scfim 1030 hp 58 kW T s34 S13 Bl
1354 scbm
nc 90 F -1.220859:k

1.22 /kg VS destroyed
0.390675 kWhr/kg TS in: 7 =

0.63753 [y per scfim of aeration (at 14 scfm)
2209 & 1.8% of the active volume
13 &

el A
:s4 !
.5 fs
1.0 fVs
3.5 fte
17,879 &/min
1.526 scfm
2.5%% % (Stav below 14%)

16.3 schvft? (Stav below $0scfmfe’y

3,709 scfm
1.0 m’he-m? 0.601 &/min

6,106 &
082
2R
27 h
18
o f
f
10,064 A
0% %
1602 &

s0,156 &
.14 gpm
207 gpm

0.8 gpm 1,285 gpd
157 gpm 225385 gpd
38 % 38411 mg
0.06 gpm 89 gpd 0.68 tonvday
157 gpm 224,476 gpd
70,486 Ib/day 2945 Ib/hr
T1,036 &

§-26-00 North Plant semstivity-cost check; NP3 Page 2



Number of SAFTs Reauired
Surface Area Required per SAFT
Width

Leneth

Sidewater Deoth

Free-board

Active Volume per SAFT

Total Volume of SAFT(s)
HRT of SAFT(s)

Product Storage Tank (SAFT Float Solids)
Total Liquid Flow to SAFT(s)
TS Loading to the SAFT(s)
TS Subnatant Return from SAFT(s)
Thickened Solids (TS) from SAFT(s)
Thickened Solids from SAFT(s)
Volatile Solids from SAFT(s)
Total Subnatant Return from SAFT(s)
Subnatant Retum Solids Concentration
Underflow Subnatant Retum from SAFT(s)
HRT of Storage Tank(s) )
Total Active Storage Tank Volume Required
Tank Height
Free-board
Maximum Sidewater Depth
Total Surface Area of Storage Tank(s)
Number of Storage Tanks Required
Width of Storage Tank(s)
Length of Storage Tank(s)

Centrifuge(s)
Total Solids from VerTad
Total Solids from VerTad
Polymer Addition
Made-down Polymer Flowrate
Polymer Flowrate
Total Flow to Centrifuge(s)
Concentration of Flow to Centrifuge(s)
Total Mass Loading on Centrifuge(s)
Total Centrate Solids
Total Cake Solids
Total Wet Cake Solids

Total Cake Flow to Trucks
Cake Solids Concentration
Total Centrate Flow to Plant
Centrate Solids Concentration

OTHER

Centrate Surge Tank Size
Retention Time Required
Centrate Flowrate .
Total Volume Required
Number of Tanks
Volume Required per Tank
Tank Height -
Tank Diameter

Sulfuric Acid Tank Size
# of Days of Sulfuric Acid Supply Required
Total Sulfuric Flowrate
Total Volume Required
Tank Height
‘Tank Diameter

Influent Preheat Heat Exchanger
Heat Recovery per Shaft
Heat Transfer Coefficient .
Sludge to Sludge Temperature Approach -
Hot Product Supply
Cool Influent Sludge
Tempered Product Retum
Preheated Sludge to Shaft
Log Mean Differential Temperature
# of Heat Exchangers
Surface Area for each Heat Exchanger
Flowrate of product sludge through exchanger

I Prepared by Jeff Guild

North Treatment Plant (no Ana, 40%, 4 days)

Last Printed: 2/28/01

2 Ratio of Volatile to Total Solids in VerTad
818 & 5.5%| 103950 lb/day TSin
165 f (Stay below 2040) 1.1%} 20789.923 Ib/day FSin
958 4.4%| 83159.691 Iblday VSin
120 f ) 0.8 VS/TSin
10 R 2.6%| 149895.815 Ib/day VSout
9814 3.7%)| 70685.738 Ib/day TSout
1.1%] 20789.923 Ib/day FSout
2om & 07058824 VS/TSout
17 hrs
157 gpm 215,476 gpd
70,686 lb/day 2,945 Ib/hr
3.534 Iblday 147 Ib/mr
67,151 tb/day 2,798 Ior
36 gpm £0,538 gpd
47,401 Ib/day LIS Ibvhr
101 gpm 144,939 gpd
2,625 mghl 0.29% %
15% % (Set by standpipe height in the subnatant trough)
4 hrs
1794 A
1.0 #t
1.0 f . n
100 f
BN Gonfidential
1
17/ [
for King bounty Use Onl
67.151 Ib/day 2,798 b/ ' y .
5 gpm 80,538 gpd
20.0 Ib/dry ton
22 gpm 31,460 gpd
572 Ib/day 18 Ib/mhr
78 gpm 111,998 gpd
72,629 mgfl 7.3% %
67.323 Ib/day 2,826 lb/hr
2391 Ib/day 141 Ib/hr
64,432 Ib/day 32 torVday
214,773 WetIb/day 107 Wet torvday
17.9 gpm 25,759 gpd
300,000 mgA 0% %
60 gpm 86,239 gpd
4716 mgl 0.47% %
10 min
50 gpm 86,239 gpd
50 & 599 gallons
2
40 & 299 gallons
8 f
25 ft
7 days
0.06 gpm 89 gpd
s & 620 gallons
10 @t
. 32 R
1,587,574 Buvhr
75 Bwhr-"F-f
0C .
600 C 140 F
150C S9F
315¢C 9.5 F
375 C 95 F
25C 41 F
2
522 &
78 gpm .
9-26-00 North Ptant sensitivity-cost check; NP3 Page 3



North Treatment Plant (no Ana, 40%, 4 days) Last Printed: 2/28/01

NORAM Gonfidential
For King Gounty s Only

Shaft Internal Recycle Heat Exchanger

Cooling Requirement per Shaft 3,134,456 Bruwhr
Heat Transfer Coeflicient 75 Bruhr-°F-f’
Sludge to Water Temperature Approach sC
Sludge Supply 60.0 C 140 F
Cooling Water Supply 100 C SOF
Sludge Retum * 450 C M3 F
Cooling Water Return 500 C j2F
Log Mean Differential Temperature 200 C ) 6 F
# of Heat Exchangers 2
Surface Area for each Heat Exchanger 1158 &
Flowrate of reactor sludge through exchanger 174 gpm
Flowrate of water through exchanger : 7 gpm

Biofilter Heat Exchanger
Cooling Requirement per Biofilter 1,115025 Brwhr
Biofilter Temperature 30C
Heat Transfer Coefficient 78 Brwhr-*F-f?
Water to Water Temperature Approach 0C
Biofilter Supply 306 C 36 F
Cooling Water Supply 100 C SOF
Biofilter Retum 200 C &8 F
Cooling Water Retum 200 C &8 F
Differential Temperature 100 C 18 F
Surface Area for each Heat Exchanger 823 &2
# of Heat Exchangers R
Flowrate of biofilter liquor through exchanger 124 gpm
Flowrate of water through exchanger ) 124 gpm
Tumover time in the biofilter 69 min 16.2 hre

Energy Recovery and Generation
Total Heat Recovery from VerTad System 11,658,185 Br/hr
Heat Generation from VerTad Intemal Recycle 6.251.097 Btwhr (As 122°F cooling water return)
Heat Removal from Biofilter 2,230,829 Brulw
Heat used to Preheat Sludge to VerTad 3,176,259 Buvhr
Heat available from the Compressors $74,513 Brwhr

Prepared by Jeff Guild 9-26-00 North Ptant sensiivity-cost check. NP3 Page 4



VERTAD Evaluation

North Treatment Plant VERTAD Aiternative Analysis

Table 4-: CHEMICAL COST ANALYSIS

. 9-26-00 North Plant sensitivity-cost checkxls; chemicals 1

Anaerobic Class A I Alt NP1 Alt NP2 Alt NP3
Base Case Anaerobic 4day/2D 1.4day/3D 4 day VERTAD
Process Area
VERTAD flotation 0 03 16,210 $ 16,256 $ 16,210
Centrifuge Dewatering $ 401637 | $ 373544 S 234764 $ 255,525 $ 290,253
Total annual cost 3 401,637 | $ 373544 $ 250,973 $ 271,781 $ 306,463
Polymer usage for centrifuge is 25% greater than BFPs Polymer dosage
Acid Cost is $ 100.00 /ton Ib/dt
Polymer cost is $ 1.80 /1b polymer 100%
‘ anaerobic $ 62.50 /dt of biosolids ‘ 35
Vertad-anaer. $ 45.00 /dt of biosolids 25 1
Vertad $ 36.00 /dt of biosolids 20 1
Polymer Demand (tons/year) 112 | 104 65 71 81 |

2/13/01
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VERTAD Evaluation

North Treatment Plant VERTAD Alternative Analysis

Table 4- : Energy Cost Analysis - Digester Gas and Hot Water

Heating value of gas BTU/cft 600
Net value of digester gas $Aherm $ 0.07 100%
Net value of hot water $Aherm $ 0.02
Average boiler efficiency _percent 78%
Anaerobic Class A Alt NP1 Alt NP2 Alt NP3
Average Annual Values Units Base Case Anaerobic 4day/20 1.4day/30D 4 day VERTAD
Number Digesters 2 2 2 0

Digester Gas Production cft/day 438,758 518,532 217,339 401,821 0
Heating Value @ 600 BTU/cft BTU/day 263,254,860 311,119,380 130,403,687 241,092,383 -
Heating Value Therms/yr 960,880 1,135,586 475,973 879,987 -
Heat Required for Digestion BTUMr 2,665,591 3,165,094 2,332,292 2,332,292 0
Hot water from VERTAD BTUMr - C. (7.526,455) (2.829,019) (7,669,858)
Total Heat Required BTUMr 2,665,591 3,165,094 (5.194,163) (496,726) (7.668,858)
Excess Heat Available BTUMr - - 5,194,163 496,726 7,669,858

Therms/yr - - 455,009 43,513 671,880
Gas Demand for digesters BTUMr 3,417,424 4,057,813 - - -
Gas Demand for digesters Themms/yr 299,366 355,464 - - -
Excess Gas Available for Sale Therms/yr 661,514 780,121 475,973 879,987 -
Annual Revenue from Gas Sold Shyr 3 46306 | $ 54608 | $ 33318 (% 61,599 -
Annual value of excess hot water $lyr $ - $ - 3 91003 870 13,438

- Anaerobic Digester Heat Demand is generated by the heat extractors and accounted for as part of electrical demand
1 2/13/01

9-26-00 North Plant sensitivity-cost check.xis; Gas
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VERTAD Evaluation

CAPITAL AND ANNUAL COST ANALYSIS

Table 4- : Capital Cost Estimate

Digestion
Category - Anaerobic Base Anaerobic Alternative NP1 Altemative NP2 Altemative NP3
Class A
Site \Work Q £0,000 S0.000 50,000
Demoilition 0
Anaerobic Digestion 6,500,126 6,807,171 3,269,558 3,805,490 -
Structures 0 0 560,000 380,000 700,000
Equipment & Mech 0 0 640,000 540,000 700,000
Patent Fee 0 o] - - -
Electrical/ 1&C o] 0 230,000 220,000 220,000
Testing/ Start-up 0 0 incl inct incl
NORAM provided equipment and engineering 3,570,000 2,890.000 3.920,000
Cased Reactors 1 3,260,000 1,620,000 4,480,000
Subtotal 6,500,126 6,807,171 11,579,558 9,515,490 10,080,000
,|Contractor Indirects, OH@P  35% 2,275,044 2,382,510 1,161,845 1,348,421 17,500
NORAM estimate 11.6% 544,040 321,320 708,760
NORAM provided 5% 178.500 144,500 196.000
Subtotal 8,775.170 9,189,681 13,463,944 11,330,731 11,002,260
Contingency 30% 2,632,551 2,758,904 2,314,083 2,436,570 848,831
Drilling 10% 379,051 192,904 480,081
NORAM provided 5% 207,548 172.088 213,933
Subtotal 11,407,721 11,946,585 16,384,596 14,132,272 12,555,105
Sales tax 8.4% 958,249 1,003,513 1,374,626 1,187,111 1,054.629
Subtotal 12,365,970 12,950,098 17,739,222 15,319,382 13,609,733
Allied Cost (35%) 35% 4,328,089 4,532,534 6,208,728 5,361,784 4,763,407
Less NORAM engineering 15% - - (931,309) (804,268) (714,511)
Total 16,694.059 17,482,633 23,016,641 19.876.899 17,658,629
Ar bic Digestion C. ity (gallons) 4,463,477 3,740,010 1,828,514 2,226,951 -
Digester voiume Ratio design / ESRP Digester 5 1.63 1.37 0.67 0.82 -
Capital Cost Adjustment Factor 0.77 0.77 0.77 0.77 0.77
Muttiple reactor multiplier 1.2
Dewatering
Anaerobic
Category Anaerobic Base Class A Altemative NP1 Altemmative NP2 Altemative NP3
Site Work -
Oemotition
Structures 910,000 910,000 910,000 910,000 1,385,000
Eguipment & Mech 1,562,460 1,562,460 1,562,460 1,562,460 2,135,008
Patent Fee
Electrical/ 1&C
 Testing/ Stant-up
Subtotal 2,472,460 2,472,460 2,472,460 2,472,460 3,500,006
Contractor Indirects, OHGP 35%( 865,361 865,361 865,361 865,381 1,225,002
Subtotai 3,337,821 3,337,821 3,337,821 3,337,821 4,725,009
Contingency 30% 1,001,346 1,001,348 1,001,348 1,001,348 1,417,503
Subtotal 4,339,167 4,339,167 4,339,167 4,339,167 6,142,511
Sales tax 8.4% 364,490 384,490 364,490 364,490 515,971
Subtotal 4,703,657 4,703,657 4,703,657 4,703,657 6,658,482
Allied Cost (35%) 35% 1,648,280 1,648,280 1,646,280 1,646,280 2,330,469
Total 6,349,937 6,349,937 6,349,937 6,349,937 8,988,951
aumber units 2 2 2 2 3

1

H 9,374,000 base w/

0.77 cost adjust factor

0.335 solids ratio H 4,038,401 adjusted cent cost
Total Capital Cost
Anaerobic
Anaerobic Base Class A Alternative NP1 Altemative NP2 Altemnative NP3
Grand Total Capital Expendatureji $ 23,043,997 | S 23832570 $§ 29366579 S 26226838 S 26.847.580
Table 4- : Annual Costs at Design Year Loading, 2019 (todays dollars)
Digestion
Anaerobic
Category Anaerobic Base Class A Alternative NP1 Alternative NP2 Alternative NP3
Eqguipment Maintenance S 87450 S 114250 § 87450 $ 75450 S 53,250
Operations Labor $ 188,221 § 295776 € 32665 $ 322665 $ 188,221
Power
Fixed S 92341 S 176,639 § 93979 § 93979 § 60,915
Variable H 24426 $ 28298 § 26908 $ 125907 § 201,887

8-26-00 North Plant sensitivity-cost check.xis; Costs
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VERTAD Evaluation

Chemicals (acid) $ -, S - $ 16,210 $ 16,256 S 16,210
Hat water avoided cost H - H - $ (8,100} $ 870) $ (13,438)
Gas Sale Net Revenue 3 (46,308) S (54,608) S (33,318) $ (61,599) § -
Total Annual Cost 5 326,132 | $ 560,355 § 704,794 $ 571,787 _§ 507,045
Dewatering
Anaerobic
Categary Anaerobic Base Class A Alternative NP1 Altemative NP2  Alternative NP3
Equipment Maintenance $ 28,000 S 28,000 $ 28,000 $ 28,000 § 28,000
Operations Labor S 90,000 S 9000 S 90,000 § 90,cece S 180,000
Power
Fixed $ 1,787 $ 1,787 § 1,787 § 1,787 § 1,787
Variable $ 26,271 S 22,601 § 19,727 $ 21,471 § 46,340
Chemicals (polymer) $ 401,637 $ 373,544 § 234764 S 265,525 § 200,253
Total Annual Cost S 547,695 | § 515932 § 374,278 § 396,783 $ 546,380
Bilosolids Haul and Application
Anaerobic
Category |__Anaerobic Base Class A Alternative NP1 Alternative NP2 Alternative NP3
Bicsolids Haul and Application $ 768,995 | S 673,072 § 467,197 { § 508513 | S 722,032
Wet Tons 1 27,464 24,038 16,686 18,161 25,787
SIWT 100% $ 2800 § 2800 S 28.00 $ 28.00 S 28.00
Dry Tons 1 6,427 5,529 5,006 5,448 7,736
S/0T S 119.66 S 121.74 S 93.33 § 93.33 S 93.33
Total Annual Cost( Year 2013, Todays Dallars)
Anaercbic
Category I Anaerobic Base Class A Alternative NP1 Alternative NP2 Alternative NP3
Total Annual Cost S 1642822 S 1,749,360 § 1,546,268 S 1,477,083 $ 1,775,457
Annual Costs expected to not vary with flow H 467,799 S 706,453 $ 623,881 § 611,881 §$ 512,174
Annual Costs expected to vary with flow $ 1,175022 § 1,042,907 $§ 922,387 § 865202 S 1,263,284

Table 4- : Annual Costs by Year *

"Annual Percentage of

. 8-26-00 North Plant sensitivity-cost check.xls; Costs 2

Anaerobic
Year  Average Flow Year 2019 flow Anaerobic Base Class A Alternative NP1 Alternative NP2  Alternative NP3
2010 18.0 50.0% 1,085,310 1,227,908 1,085,075 1,044,482 1,143,818
2011 19.1 §3.1% 1,092,030 1,260,497 1,113,899 1,071,520 1,183,293
2012 203 56.3% 1,128,749 1,293,088 1,142,724 1,098,557 1,222,771
2013 214 59.4% 1,165,469 1,325,679 1,171,549 1,125,595 1,262,248
2014 2225 62.5% 1,202,188 1,358,269 1,200,373 1,152,632 1,301,726
2015 236 65.6% 1,238,908 1,390,860 1,229,198 1,179,670 1,341,204
2016 248 68.8% 1,275,627 1,423,451 1,258,022 1,208,708 1,380,681
2017 259 71.9% 1,312,347 1,456,042 1,286,847 1,233,745 1,420,159
2018 270 75.0% 1,349,066 1,488,633 1,315,672 1,260,783 1,459,637
2019 28.1 78.1% 1,385,785 1,621,224 1,344,496 1,287,820 1,499,114
2020 293 81.3% 1,422,505 1,553,814 1,373,321 1,314,858 1,538,592
2021 304 84.4% 1,459,224 1,586,405 1,402,145 1,341,895 1,578,069
202 315 87.5% 1,495,944 1,618,996 1,430,970 1,368,933 1,617,547
2023 326 90.6% 1,532,663 1,651,587 1,459,795 1,395,970 1,657,025
2024 3338 93.8% 1,569,383 1,684,178 1,488,619 1,423,008 1,696,502
2025 349 96.9% 1,606,102 1,716,769 1,517,444 1,450,046 1,735,980
2026 38.0 100.0% - 1,642,822 1,749,360 1,546,268 1,477,083 1,775,457
* Annual cost for each year is calculated as the sum of the portion of the annual cost not expected to vary with flow
and the prorated annual cost expected to vary with flow.
1.128
Table 4-: Avoided Costs
Anaerobic
Anaerobic Base Class A Alternative NP1 Alternative NP2 Alternative NP3
Digester
" Yearin which a new digester is required . 2017 2017 2017 2017 2017
. Years away 18 18 18 18 18
Inflated cost S 7,580,934 | $ 7,580,934 § 7,580,934 § 7,580,934 § 7,580,934
Present Worth $ 2655933 |$ 2,655933 § 2,655,933 § 2655933 § 2,655,933
Off-set Capital Cost N $ - |s - s - S - s -
Capital cost of a digester in 1999 dollars 3 4,453,000 0% surcharge for control building
Capacity of Digester (gailons) 2,731,085 not included in Digester S costs
Capital cost for 2 belt filter presses including :
Bldg expansion 1999 dollars 3,013,000

2/13/01



VERTAD Evaluation

PRESENT WORTH COST ANALYSIS -Life Cycle Costs

Anaerobic .
Anaerobic Base Class A Alternative NP1 Alternative NP2  Ailternative NP3
inflated Annual Costs inflation
Year years
2003 4 $ 1,187,761 | $ 1,382,019 $ 1,221,261 3 1,175,574 % 1,287,374
2004 5 $ 1,265,862 | $ 1,461,261 3 1,291,315 $ 1,242,185 $ 1,371,761
2005 6 $. 1,347,786 | $ 1,544014 & 1,364,472 % 1,311,735 $ 1,460,052
2006 7 $ 1,433,380 | $ 1,630,417 $ 1,440,857 $ 1,384,340 % 1,552,406
2007 8 $ 1,622,896 | $ 1,720,615 $ 1,520,587 $ 1,460,120 $ 1,648,988
2008 9 $ 1,616,494 | $ 1,814,757 §$ 1,603,824 $ 1,639,202 $ 1,749,967
2009 10 3 1714336 { $ 1912999 3% 1690677 $ 1621714 $ 1,855,520
2010 1 $ 1,816,595 | 3 2,015,503 % 1,781,297 $ 1,707,792 $ 1,965,832
2011 12 3 1,823,446 | 3 2,122,434 $ 1,875,833 $ 1,797,575 $ 2,081,093
2012 13 $ 2,035073 | $ 2,233,968 $ 1,974,438 $ 1,891,207 $ 2,201,500
2013 14 $ 2,151666 | $ 2,350,284 $ 2,077,271 $ 1,988,840 $. 2,327,258
2014 15 $ 2,273,424 | $ 2,471,568 3% 2,184,497 $ 2,090,629 $ 2,458,581
2015 16 $ 2,400,551 | $ 2,598,014 $ 2,296,287 $ 2,196,735 § 2,595,688
2016 17 $ 2,533,259 | $ 2,729,822 $ 2,412,818 $ 2,307,326 $ 2,738,809
2017 18 $ 2,671,769 | $ 2,867,200 $ 2,534275 $ 2,422,576 $ 2,888,182
2018 19 $ 2,816,310 | $ 3,010,364 3 2,660,847 % 2,542,664 $ 3,044,051
2019 20 $ 2,967,119 | $ 3,159,538 § 2,792,733 $ 2,667,777 $ 3,206,674
PW Annual Costs $ 15193235(% 16,827,481 § 14,872,170 $ 14,256,316 $ 16,440,464
PW Capital Costs $ 230430997 [$ 23,832,570 $ 29,366,579 $ 26,226,836 $ 26,647,580
Subtotal $ 382372321% 40660051 % 44238748 $ 40,483,152 $ 43,088,044
PW of Avoided Capital Costs $ - $ - $ - $ - $ -
Total Present Worth $ 38,237000(% 40,660,000 $ 44239000 $ 40,483,000 $ 43,088,000

9-26-00 North Plant sensitivity-cost checkxls; PWcost
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South Treatment Plant Cost Estimates



HIGH END ASSUMPTIONS COST MODEL

COMMON TO ALL ALTERNATIVES

Table 1.1
Assumptions Common to all Alternatives

2/20/01

Pianning Period yr 2010
Influent Waste Water Flow mgd 104
Peaking Factors
Annual Average 1
Peak 3-week 1.22
" Peak Week 1.52
Peak Day 1.66
Solids Unit Production Rate
Primary Sludge Ibs-tss/MG 1310
Waste Activated Sludge Ibs-tss/MG 770
Thickened Sludge Ibs-tss/MG 1870
Solids Concentration
Primary Sludge percent solids 0.6%
Waste Activated Sludge percent solids 0.5%
Thickened Sludge percent solids 5.5%
Volatile Solids Ratio
Primary Sludge percent of tss 80%
Waste Activated Sludge percent of tss 76%
Thickened Sludge percent of tss 79%
Summer Sludge Temperature F 71
Winter Sludge Temperature F 57
Thermophilic Operating Temperature F 135
Mesophilic Operating Temperature F 95
Digester Cone Volume Percent Active percent 75%
Digester Gas Production (cf/ib vs dest) 15
Table 1.2 .
Projected Solids Process Flows and Loads
Raw Solids Flow Flow TSS VSS
Primary Sludge | gpm gpd Ibs/day Ibs/day
Average Annual 1,891 2,722,622| 136,240{ 108,992
Peak 3-Week 2,304 3,317,346| 166,000 132,800
Peak Day 3,136] 4,516,387| 226,000f 180,800
Waste Activated Sludge
Average Annual 1,334| 1,920,384 80,080 60,861
Peak 3-Week 1,627| 2,342,868 97,698 74,250
Peak Day 2,214| 3,187,837 132,933 101,029
Mixed Sludge
Average Annual 3,224 4,643,006|] 216,320 169,853
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Peak 3-Week 3,931 5,660.214| 263,6,98| 207,050I
Peak Day 5,350| 7,704,224| 358,933| 281,829
Thickening
DAFTS
Number of Units no. 4
Diameter ft 55
Number of Units no. 2
Diameter ft 65
Total Surface Area sft 16,140
Solids Loading, All DAFT's in service
Average Annual Ib/sf/day 13.4
Peak 3-Week ib/sfiday 16.3
Peak Day Ib/sf/day 22.2
Solids Loading, one DAFT out of service
Average Annual Ib/sf/day 16.9
Peak 3-Week Ib/sf/day 20.6
Peak Day ib/sf/day 28.0
Thickened Solids Flow Flow TSS VSS
Thickened Sludge gpm gpd Ibs/day Ibs/day
Average Annual 294 423,981 194,480 153,639|
Peak 3-Week 359 517,257| 237,266] 187,440
Peak Day 489 703,808| 322,837| 255,041
Thickened Sludge Blending Tank
Number of Units no. 1
Diameter ft 8
Sidewater Depth ft 15
Tank Volume gallons 5,640
Total Volume gallons 5,640
Detention Time '
Average Annual minutes 19.2
Peak 3-Week minutes 15.7
Peak Day - _minutes 11.5
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ALTERNATIVE 3B - THERMO-MESO DIGESTION AND CONVERT TO CENTRIFUGE DEWATERING

Table 4.1
Thermo-Meso Digestion Assumptions

Total Volatile Solids Reduction in Digesters percent 65.00%
-Assumed contribution to total digestion :
Themophilic Phase fraction 0.65
Mesophilic Phase fraction 0.35
Dewatering Solids Capture percent 92.5%
Dewatered Cake Solids pecent solids 25.00%
Table 4.2
Thermo-Meso Digestion Flows and Loads
Anaerobic Thermophillic Digester
Existing
Number of Units (existing) no. 1
Diameter ft 100
Sidewater Depth ft 44.5
Tank Cylindrical Volume gallons 2,614,276
Tank Cone Volume gallons 234,088
Effective Tank Volume (includes 75% of conit  gallons 2,789,842
Total Existing Volume gallons 2,789,842
Total Volume gallons 2,789,842
Detention Time
Average Annual days 6.6
Peak 3-Week days 5.4
Peak Day days 4.0
Volatile Solids Loading
Average Annual Ibs-vs/cf/day 0.41
Peak 3-Week lbs-vs/cf/day 0.50
Peak Day ibs-vs/cf/day 0.68
Heat Demand
Digester Heat Loss to Control Bidg BTU/hr 101,531
Digester Heat Loss from Shell of 1 Digester BTU/hr 495,907 |
Average Annual BTU/hr| 12,080,252
Peak 3-Week BTU/hr 14,606,471
Peak Day BTU/hr 19,658,909
Thermophilic Gas Production
Average Annual cf/day 973,688| .
Peak 3-Week cf/day 1,187,900
Peak Day cf/day 1,616,323
Thermophilic Digested Solids Flow Flow TSS VSS
Digested Sludge gpm gpd Ibs/day | Ibs/day |.
Average Annual 294 423,981| 135,174 92,566
Peak 3-Week 359 517,257 164,912 112,930
Peak Day 489 703,808] 224,388] 153,659
Anaerobic Mesophillic Digesters
Existing
Number of Units (existing) no. -3
Diameter ft 100
Sidewater Depth . ft 43.5
Tank Cylindrical Volume gallons 2,555,529
Tank Cone Volume gallons 234,088
Effective Tank Volume (includes 75% of coni  gallons 2,731,095
2/20/01
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Total Existing Volume gallons
Total Volume gallons
Detention Time

All Digesters in Service

Average Annual days
Peak 3-Week days
Peak Day days

One Digester Out of Service, BST as a Digester

Average Annual days
Peak 3-Week days
Peak Day days

Volatile Solids Loading
All Digesters in Service
Average Annual
Peak 3-Week
Peak Day
One Digester Out of Service
Average Annual
Peak 3-Week
Peak Day
Cooling Demand

bs-vs/cf/day
bs-vs/cf/day
bs-vs/cf/day

bs-vs/cf/day
bs-vs/cf/day
bs-vs/cf/day

Digester Heat Loss to Control Bldg BTU/hr
Digester Heat Loss from Shell BTU/hr
Average Annual BTU/hr
Peak 3-Week BTU/hr
Peak Day @ 135 F BTU/hr
Peak Day @ 140 F BTU/hr
Gas Production Meso Digestion
Average Annual cf/day
Peak 3-Week cf/day
Peak Day cf/day
Digester Gas Production Total Digestion Process
Average Annual cfiday
Peak 3-Week cf/day
. Peak Day cf/day
Digested Solids
Digested Sludge
Average Annual
Peak 3-Week
Peak Day
Digested Sludge Storage
Blending Storage Tank
Diameter ft
Sidewater Depth ) ft
Tank Cylindrical Volume gallons
Tank Cone Volume gallons
Effective Tank Volume (includes 75% of con«  gallons
Total BST Volume gallons

Maximum Storage Capacity (no cone volume considered)
Average Annual days
Peak 3-Week days
Peak Day days

Dewatering

Loading
Average Annual
Max 3-Week

- Max Week

Peak Day

Centrifuge Dewatering

—>
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8,193,284
8,193,284

19.3
15.8
11.6

18.4
15.1
11.1

0.08
0.10
0.14

0.09
0.1
0.15

142,144
179,445
-5,208,143
6,503,640
-9,094,634
-10,316,523

524,294
639,638
870,328

1,497,982
1,827,538
2,486,650

Per
Digester

-1,736,048
-2,167,880
-3,031,545
-3,438,841

Flow
gpm

Flow
gpd

TSS
Ibs/day

VSS
Ibs/day

294
359
489

423,981
517,257
703,808

94,615
115,430
157,060

53,774
65,604
89,264

100
36.75
2,158,981
234,088
2,334,547
2,334,547

5.1
4.2
3.1

Flow
apm

TSS
|bs/day

Concentration

% solids

294
359
448
489

94,615
115,430
143,814
157,060

2.68%
2.68%
2.68%
2.68%
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Number of Units Needed (Max Week + 1 unit no. 3.4
Nominal Size meters CP3074
Dewatering Capacity/Centrifuge dry tbs/hr 2,500
Operating Units at Annual Average Condition no. 1.6
Operating Units at Max 3-week Condition no. 1.9
Operating Units at Max Week Condition . no. 2.4
Operating Units at Peak Day Condition ' no. 2.6
Dewatered Biosolids
Dry Solids TSS (lbs)
Average Annual Ibs/day 87,518
Peak 3-Week ' Ibs/day 106,772
Peak Day Ibs/day 145,281
Dry Solids TSS (tons)
Average Annual 44
Peak 3-Week 53
Peak Week 67
Peak Day 73
Dry Solids VSS (Ibs) ) ’
Average Annual Ibs/day 49,741
Peak 3-Week ibs/day 60,684
Peak Day lbs/day 82,570
Wet Cake (Ibs)
Average Annual wet Ibs/day 350,074
Peak 3-Week wet ibs/day 427,090
Peak Day wet lbs/day 581,122
Wet Cake (tons)
Average Annual wet ton/day 175
Peak 3-Week . wet ton/day 214
Peak Day wet ton/day 291
Table 4.3
Thermo-Meso Digestion Capacity Extension Analysis
Thermophilic Digesters
Evaluation Criteria
1 Peak Day Thermophilic HRT >,= 3.5 days
Volume gal 2,789,842
Max allowable Peak Day flow gpd 797,098
Max allowable average siudge flow = 480,179
Convert to Annual Average influent mgd 116
Year ESRP to Reach this flow YR - 2024
Mesophilic Digesters
2 Peak Day flow w/ all Digesters in service, DT >, = 10 days
Total Volume gal 8,193,284
Acceptable peak sludge flow = apd 819,328
therefore average flow = - gpd 493,571
3 Max 3-week flow w/ 1 Digester out of ’
service & the BST as Meso Digester, DT >,= 10
Total Volume gal 7,796,736
Acceptable peak sludge flow = gpd 779,674
therefore average flow = gpd 639,076.73
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ALTERNATIVE 6 modified - THERMO-MESO DIGESTION

W/ HOLD TANKS, 0 CENTRIDRY, 3 CENTRIFUGES
CLASS A Process

Table 6.1

Thermo-Meso Class A Digestion Assumptions

Total Volatile Solids Reduction in Digesters percent 65.00%
Assumed contribution to total digestion
Themophilic Phase fraction 0.65
Mesophilic Phase fraction 0.35
Dewatering Solids Capture percent 92.5%
Centrifuge Dewatered Cake Solids percent solids 25.0%
Centridry Dried Cake Solids _percent solids 55.0%
Dryed Product Capacity Ibs/hr 0
Table 6.2
Thermo-Meso Class A Digestion Flows and Loads
Anaerobic Thermophillic Digester
Existing
Number of Units (existing) no. 1
Diameter ’ ft 100
Sidewater Depth ft 445
Tank Cylindrical Volume gallons 2,614,276
Tank Cone Volume gallons 234,088
Effective Tank Volume (includes 75  gallons 2,789,842
Total Existing Volume gallons 2,789,842
Total Volume galions 2,789,842
Detention Time
Average Annual days 6.6
Peak 3-Week days 54
Peak Day days 4.0
Volatile Solids Loading
Average Annual Ibs-vs/cf/day 0.41
Peak 3-Week Ibs-vs/cf/day 0.50
Peak Day Ibs-vs/cf/day 0.68
Heat Demand
Digester Heat Loss to Control Bidg BTU/hr 101,531
Digester Heat Loss from Shellof 11 BTU/hr 495,907
Average Annual BTU/hr 12,080,252
Peak 3-Week BTU/hr| 14,606,471
Peak Day BTU/hr{ 19,658,909
Thermophilic Gas Production
Average Annual _ cf/day 973,688
Peak 3-Week cf/day 1,187,900
Peak Day cf/day 1,616,323
Thermophilic Digested Solids Flow Flow TSS VSS
Digested Sludge gpm gpd Ibs/day Ibs/day
Average Annual ' 294 423,981 129,567 88,727
Peak 3-Week 359 517,257| 158,072 108,246
Peak Day 489 703,808] 215,082 147,286
Class A Hold Tanks
Temp min temp for hold tank F 135
Temp min temp for hold tank C 57.22
Hold Time hrs 11.7
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Digested Solids

Maximum Storage Capacity (no cone volume considered)
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Size of 1 Hold Tank (at peak day) gal 343,495
Rough Dimensions diaxht 45x31
Estimated Heat Demand BTU/hr 400,000
Anaerobic Mesophillic Digesters
Existing
Number of Units (existing) no. 3
Diameter ft 100
Sidewater Depth ft 41.0
Tank Cylindrical Volume gallons 2,408,659
Tank Cone Volume gallons 234,088
Effective Tank Volume (includes 75  gallons 2,584,225
Total Existing Volume gallons 7,752,675}
Total Volume gallons 7,752,675
Detention Time
All Digesters in Service
Average Annual days 18.3
Peak 3-Week days 15.0
Peak Day days 11.0
One Digester Out of Service, BST as a Digester
Average Annual days 17.7
Peak 3-Week ' days 145
Peak Day days 10.7
Volatile Solids Loading
All Digesters in Service
Average Annual ibs-vs/cf/day 0.09
Peak 3-Week Ibs-vs/cfiday 0.10
Peak Day Ibs-vs/cf/day 0.14
One Digester Out of Service
Average Annual Ibs-vs/cf/day 0.09
Peak 3-Week Ibs-vs/cf/day 0.11
Peak Day Ibs-vs/cf/day 0.15
Cooling Demand
Digester Heat Loss to Control Bldg BTU/r 142,144 Per
Digester Heat Loss from Shell BTU/Mhr 179,445 Digester
Average Annual BTU/hr -5,208,143 -1,736,048
Peak 3-Week BTU/hr|  -6,503,640 -2,167,880
Peak Day @ 135 F BTU/hr| -9,094,634 -3,031,545
Gas Production Meso Digestion
Average Annual cf/day 524,294
Peak 3-Week cf/day 639,638
Peak Day cfiday 870,328
Digester Gas Production Total Digestion Process
Average Annual cf/day 1,497,982
Peak 3-Week cfiday 1,827,538
Peak Day cfiday 2,486,650 :
Flow Flow TSS VSS
Digested.Sludge gpm gpd Ibs/day Ibs/day
Average Annual 294 423,981 94,615 53,774
Peak 3-Week 359 517,257 115,430 65,604
Peak Day 489 703,808 157,060 89,264
Digested Sludge Storage
Blending Storage Tank
Diameter ft 100
Sidewater Depth ft 36.75
Tank Cylindrical Volume gallons 2,158,981
Tank Cone Volume gallons 234,088
Effective Tank Volume (includes 75  gallons 2,334,547
Total BST Volume gallons 2,334,547
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Average Annual days 5.1
Peak 3-Week days 4.2
Peak Day days 3.1
Dewatering Flow TSS Concentration B
Loading gpm Ibs/day % solids
Average Annual 294 94,615 2.68%
Max 3-Week 359 115,430 2.68%
Max Week l:> 448 143,814 2.68%
Peak Day _ 489 157,060 2.68%
Centridry Dewatering/Drying
Number of Units no. 0.0
Nominal Size model CD3074
Dewatering Capacity dry Ibs/hr 0
Heat Demand BTU/r 0
Centrifuge Dewatering
Number of Units Needed (Max Wee no. 4.0
Nominal Size model CP3074
Hydraulic Capacity/BFP gpm 2,500
Operating Units at Annual Average no. 16
Operating Units at Max 3-week Con no. 19
Operating Units at Max Week Cond no. 24
Operating Units at Peak Day Condi no. 26
Dewatered Biosolids
Dry Solids TSS (ibs)
Average Annual Ibs/day 87,518
Peak 3-Week Ibs/day 106,772
Peak Day Ibs/day 145,281
Dry Solids TSS (tons)
Average Annual 44
Peak 3-Week 53
Peak Week 67
Peak Day 73
Dry Solids VSS (Ibs)
Average Annual lbs/day 49,741
Peak 3-Week Ibs/day 60,684
Peak Day Ibs/day 82,570
Wet Cake from Centridry (Ibs)
Average Annual wet Ibs/day 0
Peak 3-Week wet lbs/day 0
. Peak Day wet Ibs/day 0
Wet Cake from Centrifuges (Ibs)
Average Annual wet Ibs/day 350,074
Peak 3-Week wet lbs/day 427,090
Peak Day wet |bs/day 581,122
Wet Cake (lbs)
Average Annual wet |bs/day 350,074
Peak 3-Week wet ibs/day 427,080
Peak Day wet Ibs/day 581,122
Wet Cake (tons)
Average Annual wet ton/day 175
Peak 3-Week wet ton/day 214
Peak Day wet ton/day 291
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Equipment Sizing (Average Annual)
Reactor(s)
THS Flowrate

Prepared by Jeff Guild
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373.198 gpd

Page 1

Influent Specifications Flow Flow TS TS Vs %] coD CcoD FOG FOG NH,
(for year 2010) @m d mg Ibs/day mgN Ibe/dary mgfl Ibs/day ogkg {bs/dny mg/l
' Thickened Solids '
Average Annual 259 373,198 62,500 194,480 49,375 153,639 80,756 251287 24,735 76,987 681
Variables
Influent
l Percentage of Total Solids to VERTAD  100.0% %
Diluted THS Concentration 6.3% % 62.500 my/t
THS Temoerature 9OF
Dilution Water Temoerature SOF
I Volatile Percentage of Total Solids 79.0% %
Reactor(s)
HRT 4 days . » x .
‘Temperature 60 C 10 F
Oxygen Transfer Efficiency 50.0% % E
Oxygen Requirement 1.4 Ibs O,1b VS Destroyed :
VS Destruction 40.0% % .
COD Destruction 50.0% %
FOG Destruction 90.0% %
Ore-N Destruction 45.0% % ; .
Heat Generation [ 9000 Bavib VS Destroyed ]
Biofilter Loading 110 m/hem’ , -
Biofilter Temperature 3 C 86 F
Biofiker Off-gas Temperature 30 C 86 F
' Product Constituents
Ammonia (NH,) 1060 mg/ 3091 tb/day
Ammonium Bicarbonate (NH, HCO,) 4,647 mg
% Bicarbonate Release to Float to this % 25.0% %
Product Flow per VerTad 89 gpm
' VerTad Internal Solids Concentration 4.4% % 44,132 mgn
Flotation Thickener
Float Solids Concentration 6.9% % 68,359 mght
Capture Efficiency 95.0% %
Surface Solids Loading 1.8 vt 43.2 vi'd
93% Sulfuric Acid Addition 721 mght 0.0004 gat H,SO/gal Product
Polymer Split to Flotation Thickeners 0.0% %
Anaerobic Digester
HRT 24 days
Temperature I C 95 F
VS Destruction 50.0% %
COD Destruction 50.0% %
FOG Destruction 50.0% %
l Org-N Destruction 50.0% %
Internal TS concentration (Product) 4.5% % 45,000 mg
Gas Production 0.54 L CH/gCOD,, (Jenny Yoo)
Heat of Combustion of Methane 22,773 Bw/b CH4
Specific Volume of Methane 242 b CH4
Energy Constant 2546 Buv/hohp
Digester Volume 2,731.095 gallons
Centrifuge .
Cake Solids Concentration 30.0% % 300.000 mgh
Caoture Efficiency 95.0% .
Polvmer Addition
Polymer Concentration 1,560 mgh
Geology
' Ground Temperature 10C S0F
Overall Transfer Coefl. (Shafl to Dirt) 0.34 Btutv-°F-
Overall Transfer Coeff. (Head Tank to ' N/A Blutr-"F-’
Ambient Air
Air Temperature 15C SO F



Noram Confidential

Dilution Water
Total Liquid Flow to Reactor(s)
Active Volume Required
Shaft
Depth
Diameter -
Volume
Time Requirement at Reactor Temperature
Soak Zone Volume Required
Soak Zone Depth
Soak Zone Safety Factor
Actual Soak Zone Depth for Design
Actual Soak Zone Volume
Time n Soak Zone
Head Tank
Sidewater Depth
Width
Leneth
Head Tank Surface Area
Active Volume
Total Active Volume per Reactor

Number of Reactors Required

Compressor(s)
Percentage of Energy Recowerable from Compress
TS Loading on the Shaft(s)
Total VS Destroyed
Total Oxygen Requirement
OTE
Total Aeration Requirement
Total Aeration Rate
Total Aeration Rate oer Shaft
Compressed Air Temperature
Vaidage Check
Voidage
Total Voidage in the Bioreactor(s) ptus Head Tank
Shaft Cross-sectional Area
Reser Cross-sectional Area
Downcomer Cross-sectional Area
Riser Laquid Velocity
Bubble Rise Velocity
Bulk Riser Velocity
Riser Flowrate
Aeration at Top of Bioreactor
Voxdage at the Top of a Bioreactor
Voidage at the Top of a Bioreactor

Biofilter(s)

Total Aeration Rate to Shafi(s)
Biofilter Loading Rate
Total Biofilter Surface Area Required
Biofilter Surtace Area per Shaft
Length of Biofilter
Width of Biofilter
Depth under Media
Media Depth

. Standpme Depth over Media
Active Volume per Biofilter (w/media)
Biofilter Porosity
Active Liquid Volume per Biolilter

Total Volume of Biofilter(s)
Towal Condensation in the Biofilter(s)
Condensation per Biofilter

SAFT(s}
Total Off-Gas Flowrate
Total Product Flowrate
Product Concentsation
Total Sulfuric Flowrate
Total Liquid Flow to SAFT(s)
TS Loading to the SAFT(s)
Surface Area Requoed
Number of SAFTs Reauired
Surface Area Required per SAFT
Width
Lenath
Sidewater Deoth

Prepared by Jeff Guild

0 wpm 0 gpd
259 gpm 373,198 gd
199.553 '

350 ft

184 in st
45,197 a‘\ .

287 min 18 b
3503 8
2728
1
998
3861 &
316 min 53 hr

128
286
76.9
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1973
25299

Total VerTad Digester Volume:
1492791 galiors

B RR DD

70.196

/ Coal Seek
PR Set cell to an even nunmhey. Selve tor shatt diameter
cell above (repeat for desired shatt diametery

20%
194,480 (bidoy
61,456 Ib/day
36,038 ib/day

50%

9.366.125 &'idmy

6,852 scfm
2420 scfm
2C 9 F

1903 bp

0.637%3 R per schin of acration (at 14 scfm)
1.7% of the active votume

343 ®
129 &
%3 o
wa R
25 /s
1.0 o
35 s
20,338 &%min
1964 scfin
9.7% %

1.7 schvt®

(Stay below 14%5)

6.852 scén

11.0 @’r-m? 0.60! QAmin

11592
4,024
69
52.3

1

9

3
2314
40%
0926

LR N R ]

148091
sl
PR

59

175
257
4.:4%
0.10
258
133024 lvday
1079 &

2,922 gd
sd
44,132 m@
146 gpd
370822 gpd
1543 totw

71719

1088 @
90 & (Stay beinw 201t
AN
120 8
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1,036.006 &'/day

741978 Ib/day

{Stay hatow s0scfimft)

1679 kgte
1163 kg

Available encrgy with 20% recovery:
1419 AW " 969,048 Buiw -

1.2209 kWhr/kg VS destroyed
0.3858 kWhrkgTSm - °

1.11 towday

Ratio of Volatike 1o Total Solids in VerTad
6.2%f 191450 Ibvday TSin

13%] 40840.8 Ibvday FSin

4.9%) 1£3639.2 Ivday VSin

.79 VS/TSin
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Total Methane Production
Total Methane Production
Total Combined VS Destruction
Total Methane Production

Heat Available from Methane
Heat Available from Methane

Methane per Anaerobic Digester

Free-board . .08 3.0%§ 92181.52 Ib/day VSout
Active Volume per SAFT 13,053 & 43%| 1330243 Idday TSout
1.3%] 40840.8 Ib/day FSout

Total Volume of SAFT(s) 40,030 1 0.692982 VS/TSout
HRT of SAFT(s) 19 hrs
Product Storage Tank (SAFT Float Solids)

Total Liquid Flow to SAFT(s) 258 gpem 370,822 gpd

TS Loading to the SAFT(s) 133.024 day 5,543 vhr

TS Subnatant Return from SAFT(s) 6,651 Ib/day 277 tbibr

Thickened Soltids (TS) from SAFT(s) 126,373 ibvday 5.266 b/

Thickened Solids trom SAFT(s) 153 gpm 220,109 gpd

Volatile Solids from SAFT(s) 87.574 ibiday 3.649 ibhr

Total Subnatant Return from SAFT(s) 105 gpm 150,713 gpd

Subnatant Return Solids Concentration 5,293 mgA 0.53% %

Underflow Subnatsnt Return from SAFT(s) 15% % (Set by standpipe height in the subnatant tough)

HRT of Storage Tank(s) 4 brs o

Total Active Storage Tank Volume Required 4904 &

Tank Height 1.0 &

Free-board 1.0 8

Maximum Sidewater Depth 100 2 . . .

Total Surface Area of Storage Tank(s) 190 &2

Number of Storage Tanks Required 1 N ﬂ H

Width of Storage Tank(s) 19

Length of Storage Tank(s) ansse

[ ]

Anaerobic Digester(s) |

Total Liquid Flow to Digester(s) 153 gom 220,109 gpd [ u r K I " ﬂ " ﬂ t u s H

Total TS Loading to the Digester(s) 126,373 Ib/day 5,266 lvhr

Total VS Loading to the Digester(s) 87.574 fb/day 3.649 lbihr -

Number of Digesters Required 2

Liquid Flow per Digester 76 ppm 110,054 gpd

TS Loading per Digester 63,137 Itvday 2,633 Ibir

VS Loading per Digester 43,787 Ivday 1,824 Io/hr

Infh Solids C. ation 6.9% % 68,559 mgh

Desired Internal Solids Concentration 4.5% % 45.000 mg/l

Desired Digester HRT 14.0 days

Actual Digester HRT 24.8 days

VS out of the Anaerobic Digester 21.894 Ibiday 912 Ivhr

TS out of the Anaerobic Digester 41.293 Ib/day 1,721 Ibhr

Liguid Flow per Digester 76 gpm 110,054 gpd Goal Seek

Product Solids Concentration 1.5% % 45,000 mg/ Set coll equal to value in cell D56,

Total Digester Volume Requirement 5,282,614 gallons and adjust cell D42

Active Volume per Digester 2,611,307 gallons

c.{ methane ﬁun straight acacrobic:

15.401,370 L/day CH4
543,397 cfidny CH4 ™
107,547 IbVS destday

5.1 cfCHaAb VS dest
511,814,150 Buvday
21,325.590 Bu/hr

Overall Combined.VS Destruction

7,700,685 Lidsy CHa
30.0%} )

TS Loading from the Anaerobic Digester

Anaerobic Product Storage Tank

Total Liguid Flow 10 Tank

Anaerobic Product Solids Concentration
HRT of Storage Teank(s)

Total Active Storage Tank Volume Required
Tank Height

Free-board

Maximum Sidewater Depth

Total Surface Area of Storage Tank(s)
Number of Storage Tanks Required
Width of Storage Tank(s)

Length of Storage Tank(s)

Centrifuge(s)

Total Solids from Anaerobic Digester(s)
Total Solids from Anaerobic Digester(s)
Polymer Addition

Made-down Polymer Flowrate

Polymer Flowrate

Total Flow to Centrifuge(s)
Concentration of Flow to Centrifuge(s)
Total Mass Loading on Centrifuge(s)
Total Centrate Solids

Prepared by Jeff Guild

2,586 Itvday

153 gpm
4.5% %
4 hrs
4904 £
1.0 &
Lo &
0.0 f
490 B
1
198
258 &

$2,586 (b/day
153 gm
20.0 1b/dry ton
27 gpm
326 [b/day

180 gpm .

38655 mgh
$3:412 lb/day
4171 Ibiday

34,225.266" Liday CH4.
. 1.208.661 cfday.CHd-
: .92,184.16VS desuiday
" 13.1 cf CHAb VS dest:
1137364779 Budday . - °
 47.390.199 Bovhr

3441 odr

220,109 gpd

3.44) Ibvhr

220,106 gpd

38,691 gpd
34 Ibvvhr

258.800 gpd

39% %
3475 e
174 Ibhr
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Total Cake Solids
Total Wet Cake Solids

Total Cake Flow to Trucks
Cake Solids Concentration
Total Centrate Flow to Plant
Centrate Solids Concentration

Operatmg units at annual avy loading

OTHER

Centrate Surge Tank Size

Retention Time Required
Cenuate Flowrate

Total Volume Required
Number of Tanks

Votume Required per Tank
Tank Hemht

Tank Diameter

Sulfurie Acid Tank Size

# of Days of Sulturic Acid Supply Required
Total Sulfunc Flowrate

Total Volume Reguircd

Tank Height

Tank Duameter

{nfluent Preheat Heat Exchanger’

Heat Recovery per Shaft

Heat Transfer Coefficient

Shudge to Shudge Temperature Approach
Hot Product Supply

Cool Influent Sludge

Tempered Product Return

Preheated Studpe to Shaft

Log Mcan Differential Temperature

# of Heat Exchangers

Surface Area for each Heat Exchanger
Flowrate of product studge through exchanger

Shaft Interoal Recycle Heat Exchanger

Cooling Requirement per Shaft

Heat Transfer Coeflicient

Sludge to Water Temperature Approach
Sludge Supply

Coolmg Water. Supply

Sludge Retum

Cooling Water Retum

Log Mean Differential Temperature

# of Heat Exchangers

Surface Area for each Heat Exchanger
Flowrate of reactor shudge through exchanger
Flowrate of water through exchanger

Biofilter Heat Excbanger

Cooling Requirement per Brofilter
Biofilter Temperature

Heat Transfer Coefficient

Water 10 Water Temperature Approach
Btofilter Supply

Cooling Water Supply

Biofilter Retum

Coolmg Water Return

Differential Temperature

Surface Area for each Heat Exchanger
# of Heat Exchangers

Flowrate of biofilter liquor through exchanger
Flowrate of water throuph exchanger
Tumovwer time in the biofikter

Eaergy Recovery and Generation

Total Heat Recovery from VerTad System
Heat Generation from VerTad {nternal Recycle
Heat Removal from Biofilter

Heat used to Preheat Sludge 1o VesTad

Heat available from the Compressors

Prepared by Jeff Guild

79.241 Ib/day 40 wnAday
264,137 Wet Ibiday 132 Wet lorvdsy
22.0 gom 31679 gd
300900 mgn 3% %
158 gon 227121 gpd
2202 mg 0.22% %

1%

10 man
153 gom 227021 god
21 & 1.577 gallons
2
108 &' 789 gallons
s R
110
7 days
0.10 gom 116 gpd
135 ° 1070 galloms
08
a2t
1815327 Buv
75 Buvtr-F-a}
oC
0.0 C 1 F
150 C 59 F
37sC 995 F
s C 995 F
25C 4F
3
s &
91 ypm
4.403,256 Rur
75 Buvte-F-&
sC
60.0 C 140 F
100 C 50 F
8.0 C 113 F
500 C 122 F
00 C 36 F
3
1633 &
248 gpm
122 gpm
1455957 Buutr
o cC
75 Buiw-F-&*
0C
0o cC 36 F
100 C 0 F
200 C 63 F
200 C 68 F
100 C 18 F
1077 &
3
161 gpm
162 gpm
969 min 162 brs

21.809.899 Buutw

12:64.674 Brutr (As 122°F cooting water return)

4.121.501 Bt
5.223.724 Brutr
969,043 Bt

1final - STPO1GCrey; SP1
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Noram Confidential

COLOR CODING LEGEND:
CONSTANTS

INPUTS, VARIABLES

RESULTS, CALCULATED CELLS
GOAL SEEK VALUE

Design Criteria
Influent Specifications

Org-N Destruction

14% %

Flow Flow TS TS \A VS

(for year 2019) gpm gpd mg/l Ibs/day mg/l Ibs/day
Thickened Solids

Average Annual 259 373,198 62,500 194,480 49,375 153,639
Variables
Influent

Percentage of Total Solids to VERTAD - 100.0% %

Diluted THS Concentration 63% % 62,500 mg/l

THS Temperature 15 C 59 F

Dilution Water Temperature 10 C S0 F

Volatile Percentage of Total Solids 79.0% %
Reactor(s)

HRT 137 days

Temperature 60 C 140 F

Oxygen Transfer Efficiency 35.0% %

Oxygen Requirement 1.4 1bs Ox/1b VS Destroyed

VS Destruction 14% %

COD Destruction 19% %

FOG Destruction . 9% %

Heat Generation

9000 Btw/lb VS Destroyed |

Biofilter Loading
Biofilter Temperature
Biofilter Off-gas Temperature

Product Constituents
Ammonia (NH;)
Ammonium Bicarbonate (NH, HCO;)
% Bicarbonate Release to Float to this %tag
Product Flow per VerTad
VerTad Internal Solids Concentration

Thickener
Float Solids Concentration
Capture Efficiency
Surface Solids Loading
93% Sulfuric Acid Addition
Polymer $plit to Flotation Thickeners

Flotation

Anaerobic Digester
HRT
Temperature
VS Destruction
COD Destruction
FOG Destruction
Org-N Destruction

Internal TS concentration (Product)
Gas Production

Heat of Combustion of Methane
Specific Volume of Methane
Energy Constant

Digester Volume

Centrifuge

Prepared by Jeff Guild

11.0 m'/hr-m’
30C
30C

1000 mg/l
4,647 mg/l
25.0% %

135 gpm
5.7% %

73% %
95.0% %
1.8 Ib/R¥mr
721 mgn
0.0% %

24 days

35C
59.5% %
59.5% %
59.5% %
59.5% %

4.5% %

0.54 L CHJ/g COD..,

22,773 Btw/lb CHa
242 cfflb CH4
2546 Btu/hr/hp

2,731,095 gallons

1finat -

86 F
86 F

3101 Ib/day

56,623 mg/l

72,811 mg/l

43.2 /R .
0.0004 gal H,SO,/gal Product

95 F

45,000 mg/l
(Jenny Yoo)

STP010301rev;, SP2

Last Printed: 2/20/01

COoD COD FOG FOG NH;
mg/l tbs/day mg/kg Ibs/day mg/l
80,756 251,287 24,735 76,987 681

NORAN Ganfidentia
For ing Gounty Use Only
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Noram Confidential

Geology

Cake Solids Concentration 30.0% %
Capture Efficiency 95.0% %
Polymer Addition . 20 W/dry ton
Polymer Concentration : 0.26% %
Ground Temperature . 19C

Overall Transfer Coceff. (Shaft to Dint)
Overall Transfer Coeff. (Head Tank to Air)

Ambient Air

Air Temperature 15C

Equipment Sizing (Average Annual)
Reactor(s)

Shaft

THS Flowrate

Dilution Water

Total Liquid Fiow to Reactor(s)
Active Volume Required

Depth

Diameter

Volume

Time Requirement at Reactor Temperature
Soak Zone Volume Required

Soak Zone Depth

Soak Zone Safety Factor

Actual Soak Zone Depth for Design
Actual Soak Zone Volume

Time in Soak Zone

Head Tank

Sidewater Depth

Width

Length

Head Tank Surface Area
Active Volume

Total Active Volume per Reactor

Number of Reactors Required

Compresson(s)

Percentage of Energy Recoverable from Compressor
TS Loading on the Shaft(s)

Total VS Destroyed

Total Oxygen Requirement

OTE

Total Aeration Requirement

Total Aeration Rate

Total Aeration Rate per Shaft

Compressed Air Temperature

Voidage Check

Voidage

Total Voidage in the Bioreactor(s) plus Head Tank(s)
Shaft Cross-sectional Area

Riser Cross-sectional Area
Downcomer Cross-sectional Area
Riser Liquid Velocity

Bubble Rise Velocity

Bulk Riser Velocity

Riser Flowrate

Aeration at Top of Bioreactor
Voidage at the Top of a Bioreactor
Voidage at the Top of a Bioreactor

Prepared by Jeff Guild

259
0
259

63113

350
115
25,433
287
5,272
726
11
798
5800
316

9.6
19.2
511

1110
10.679
36,113

1.89

20%
194,480
20.977
29.367
35%

4811,123 f/day

3341
1,771
32

2,030
727
54.5
18.2

2.5
1.0

35
11,445
1,521

13.3% %
24.4 schwh?

0.34 Btwhr-°F-f?
N/A Btwhr-°F-f>

Last Printed: 2/20/01

300,000 mg/l
. n
59 F
wmn 373.198 ppd
pm 0 gpd
gom 373,198 gpd
R}
ft
in 96 ft
R,
min 4.8 hr
ﬁ)
ft
ft
n)
min 53 bhr
ft
ft
ft
? Total VerTad Digester Volume::
&’ - 70509,531 gallons
ﬁ)
/ Goal Seck
Set cell to an even number. Solve for shaft diameter
cefl above (repeat for desired shaft diameter)
Ivday 3679 kg/hr
Ib/day 397 kghr
Ib/day 353,618 R/day
361,796 Ib/day Awailable energy with 20% recoves
scfm 928 hp 692 kW " 472,518 Brwhr
scfm
C 9 F 1.7441 kWhr/kg VS destroyed

0.63753 f’ per scfim of acration (at 14 scfin)

0.1881 kWhr/kg TS in

i 3.0% of the active volume

ﬂ)

ﬂ}

RZ

/s

/s

fi/s

f/min

scfin

(Stay below 14%)
(Stay below 40scfmsAt’)

1final - STPO10301rev, SP2
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Noram Confidential

Biofilter(s)
' Total Aeration Rate to Shaft(s)

Biofilter Loading Rate
Total Biofilter Surface Area Required
Biofilter Surface Area per Shaft
Length of Biofiiter
Width of Biofilter
Depth under Media
Media Depth
Standpipe Depth over Media
Active Volume per Biofilter (w/media)
Biofilter Pémsity
Active Liquid Volume per Biofilter

Total Volume of Biofilter(s)
Total Condensation in the Biofilter(s)
Condensation per Biofilter

SAFT(s)
Total Off-Gas Flowrate
Total Product Flowrate
Product Concentration
Total Sulfuric Flowrate
Total Liquid Flow to SAFT(s)
TS Loading to the SAFT(s)
Surface Area Required
Number of SAFTs Required
Surface Area Required per SAFT
Width
Length
Sidewater Depth
Free-board
Active Volume per SAFT

Total Volume of SAFT(s)
HRT of SAFT(s)

Product Storage Tank (SAFT Float Solids)
Total Liquid Flow to SAFT(s)
TS Loading to the SAFT(s)
TS Subnatant Retumn from SAFT(s)
Thickened Solids (TS) from SAFT(s)
Thickened Solids from SAFT(s)
Volatile Solids from SAFT(s)
Total Subnatant Return from SAFT(s)
Subnatant Return Solids Concentration
Underflow Subnatant Retumn from SAFT(s)
HRT of Storage Tank(s)
Total Active Storage Tank Volume Required
Tank Height
Free-board
Maximum Sidewater Depth
Total Surface Area of Storage Tank(s)
"Number of Storage Tanks Required
Width of Storage Tank(s)
Length of Storage Tank(s)

Anaerobic Digester(s)
Total Liquid Flow to Digester(s)
Total TS Loading to the Digester(s)
Total VS Loading to the Digester(s)
Number of Digesters Required

Liquid Flow per Digester

Prepared by Jeff Guild

3,341 scfm
11.0 m/hr-m?
5,555
2,945 &
517 R
51.0 f
1t
9t
3
38,284 &
0% %
15314

72211 R
3.96 gpm
2.10 gpm

173,503 Ib/day

1,016 &
4

1,004 &
183 ft
549 f
12.0 #
1.0 ft
12,049 £

52,212 &
25 hrs

258 gpm
173,503 Ib/day
8,675 Ib/day
164,828 Ib/day
189 gpm
126,030 1b/day
70 gpm
10,341 mgl
15% %
4 hrs
6.049 £
110 ft
10 f
100
605 i
1
18
331 f

189 gpm
164,328 1b/day
126,030 Ib/day

3

63 gpm

Last Printed: 2/20/01

0.601 f/min

RN Canfidentia
o ingGaunyLse By

1,230 gpd
371,968 gpd
56,623 mgfl
146 gpd 1.11 ton/day
372,114 gpd
7,229 Ib/r

Ratio of Volatile to Total Solids in VerTad
6.2%} 194,480 ib/day TSin
(Stay below 20ft) 1.3%| 40840.8 Ib/day FSin
4.9%| 153639 Ib/day VSin
0.79 VS/TSin
43%| 132663 ib/day VSout
5.6%| 173503 Ib/day TSout
1.3%| 40840.8 lb/day FSout
0.76461 VS/TSout

372,114 gpd
7,229 Ib/hr
361 Ib/r
6,868 1b/hr
271,505 gpd
5,251 Ib/hr
100,609 gpd
1.03% %
(Set by standpipe height in the subnatant trough)

271,505 gpd
6,368 Ib/r
5,251 Ib/hr

90,502 gpd

1finat - STPO10301rev; SP2 Page 3



Noram Confidential

Active Volume oer Digester

Total Methane Production

Total Methane Production

Total Combined VS Destruction
Total Methane Production

Heat Available from Methane
Heat Available from Methane

Methane per Anaerobic Digester

2,172,039 gallons

29817916 Liday CH4
1,053,016 cffday CH4
99911 IbVS dest/day
10:5 of CHA/b VS dest
990,900,907 Bru/day
41,287,538 Brwhr

9.939,305 L/day CH4

Overall Combined VS Destruction

~ 65.0%)

TS Loading from the Anacrobic Digester

Anaerobic Product Storage Tank

Total Liquid Flow to Tank

Anacrobic Product Solids Concentration
HRT of Storage Tank(s)

Total Active Storage Tank Volume Reguired
Tank Height

Free-board

Maximum Sidewater Depth

Total Surface Area of Storage Tank(s)
Number of Storage Tanks Required
Width of Storage Tank(s)

Length of Storage Tank(s)

* Centrifuge(s)

Operating
OTHER

Total Solids from Anacrobic Digester(s)
Total Solids from Anaerobic Digester(s)
Polymer Addition

Made-down Polymer Flowrate

Polymer Flowrate

Total Flow to Centrifuge(s)
Concentration of Flow to Centrifuge(s)
Total Mass Loading on Centrifuge(s)
Total Centrate Solids

Total Cake Solids

Total Wet Cake Solids

Total Cake Flow to Trucks
Cake Solids Concentration
Total Centrate Flow to Plant
Centrate Solids Concentration
units at annual avg loading

Centrate Surge Tank Size
" Retention Time Required

" Sulfuric A

lofluent P

Centrate Flowrate

Total Volume Required .
Number of Tanks

Volume Required per Tank

Tank Height

Tank Diameter

cid Tank Size

# of Days of Sulfuric Acid Supply Required
Total Sulfuric Flowrate

Total Volume Required

Tank Height

Tank Diameter

rebeat Heat Exchanger

Heat Recovery per Shaft

Heat Transfer Coefficient

Sludge to Sludge Temperature Approach
Hot Product Supply

Cool Influent Sludge

Tempered Product Return

Prepared by Jeff Guild

89,841 Ib/day

189 gpm
4.0% %
4 hrs
6,049 &
1.0 R
1.0 ft
10.0 ft
605 A

18 R
330 f

89.841 Ib/day
189 gpm
20.0 Ib/dsy ton
29 gpm
898 Ibvday
218 gpm
34,703 mgAl
90.739 lb/day
4.537 Ib/day
86.202 {t/day
287,341 Wet ib/day

23.9 gpm

300.000 mg/l

194 gpm

1,949 mgA
LS

10 min
194 gpm
259 &

S 130 &
8t
a5 f

7 days
0.10 gpm
137 &
10 h
42 f

2,779,142 Btwhr
75 Brwhr°F-f*
oC
60.0 C
150 C
315 C

1final - STPO10301rev; SP2

n

imethane from straight anserobic: *
© 34225266 Lday CHa -

* 1,208,661 cfday CH4.

¢ 92,184 VS destiday
.- 13.1 cf CH4/b VS dest

37,364,779 Buu/day

47,390:199 Btwhr

3.743 Ibvhr

271,505 gpd

3,743 Iohr
271,505 gpd

42,090 gpd
37 Ivhr
313,595 .gpd
3.5% %
3,781 lohr
189 Ib/hr
43 ton/day

Last Printed: 2/20/01

NORAM Gonfidential

for A

144 Wet ton/day

34,462 gpd
30% %

279,133 gpd
0.19% %

279,133 gpd
. 1,938 gallons

969 gallons

146 gpd
1,023 gallons

140 F
9F
NSF

baunty Use Only

Page 4



I Noram Confidential Last Printed: 2/20/01
Sulfuric Acid Tank Size
# of Days of Sulfuric Acid Supply Required 7 days
l Total Sulfuric Flowrate 0.10 gpm 146 gpd
Total Volume Required 137 & 1,023 gallons
Tank Height 10 f '
Tank Diameter 42 f
l Influent Preheat Heat Exchanger
Heat Recovery per Shaft 2,779,142 Btwhr
Heat Transfer Coefficient 75 Btuwhe"F-@*
Sludge to Sludge Temperature Approach 0C
Hot Product Supply 60.0 C 140 F - LI
Cool Influent Sludge . 150 C 59 F ! ﬂ " ' E
Tempered Product Return 375 C 99.5 F
Preheated Sludge to Shaft 35C 995 F . '
Log Mean Differential Temperature 2s5C 41 F
# of Heat Exchangers 2 ﬂ u H " sg "
Surface Area for each Heat Exchanger 914
l Flownate of product sludge through exchanger 137 gpm
Shaft Internal Recycle Heat Exchanger
Cooling Requirement per Shaft 0 Bruwhr
Heat Transfer Coefficient 75 Btwhr-"F-&*
I Sludge to Water Temperature Approach 5C
Sludge Supply 60.0 C 140 F
Cooling Water Supply 100 C 50 F
Sludge Retumn 45.0 C 113 F
l Cooling Water Return 50.0 C 122 F
Log Mean Differential Temperature 200 C 36 F
# of Heat Exchangers 2
Surface Area for each Heat Exchanger o
l Flowrate of reactor sludge through exchanger 0 gpm
Flowrate of water through exchanger 0 gpm
Biofilter Heat Exchanger
I Cooling Requirement per Biofilter 1,065,487 Btwhr
Biofilter Temperature 30 C
Heat Transfer CoefTicient 75 Buwhr-F-f?
Water to Water Temperature Approach oc
l Biofilter Supply : 300 C 86 F
Cooling Water Supply 106 C 50 F
Biofilter Retum 200 C ' 68 F
Cooling Water Return 200 C 68 F
l Differential Temperature 100C 18 F
Surface Area for each Heat Exchanger 188 &7
# of Heat Exchangers . : 2
Flowrate of biofilter liquor through exchanger 118 gpm
Flowrate of water through exchanger 118 gpm
Tumover time in the biofilter 969 min 16.2 hrs
Energy Recovery and Generation
Total Heat Recovery from VerTad System 7,251,621 Btwhr
Heat Generation from VerTad Intemal Recycle 0 Btu/hr (As 122°F cooling water retumn)
Heat Removal from Biofilter 2.009.689 Btwhr
Heat used to Preheat Sludge to VerTad 5,241,932 Btw/hr
l Heat available from the Compressors ’ 472,518 Btuhr
' Prepared by Jeff Guild 1final - STPO10301rev; SP2 Page 5



" Noram Confidential

COLOR CODING LEGEND:
CONSTANTS

INPUTS, VARIABLES
RESULTS, CALCULATED CELLS
GOAL SEEK VALUE

Peaking Factor = 152
Design Criteria
Influeat Specifications Flow Flow TS s Vs vs Ccon CcoD FOG FOG
(for year 2019) gpm gpd mgh Ibs/day mg/! Ibs/day mg/l Ibs/day mg/kg Ibs/day NH, mgh
Thickened Solids
Average Annual 259 373,198 62,500 194,480 49.375 153,639 80,756 251,287 24,735 76987 681
Peak Week 418 601.300 62,500 313,348 49,375 247,545 80,756 404,876 24,735 124,042 681
Variables
Influent
Percentage of Total Solids to VERTAD 100.0% %
Diluted THS Concentration 6.25% % 62,500 mg/t
THS Temperature 15 C S9F
Dilution Water Temperature 10C SOF
Volatile Percentage of Total Solids 79.0% %
Reactor(s)
HRT 4 days
Temperature 60 C 140 F s N
Oxygen Transfer Efficiency S0.0% % NﬂnﬂM gﬂ"fl E"[Ia
Oxygen Requirement 1.4 1bs Oylb VS Destroyed
VS Destruction 40.0% %
COD Destruction 50.0% % a
FOG Destruction 90.0% %
e e For King County Use M|
Heat Generation ' 9000 Btw/lb VS Destroyed. - |
Biofilter Loading 11.0 m’hr-m’ -
Biofilter Temperature »C S F
Biofilter Off-gas Temperature 3 C 86 F
Product Constituents
Ammonia (NH,) 1000 mp/ 4981 Ib/day
Ammonium Bicarbonate (NH; HCO,) 4,647 mg/
% Bicarbonate Release to Float to this %tage 25.0% %
Product Flow per VerTad 81 gpm
VerTad Imemal Solids Concentration 44% % 43,068 mg/l
Flotation Thickener
Float Solids Concemtration 10.0% % 100,000 mgft
Capture Efficiency 95.0% %
Surface Solids Loading 1.8 ivft'/he 232 VR
93% Sulfimic Acid Addition 721 mghl 0.0004 gal H.SO./gal Product
Polymer Split to Flotation Thickeners 0.0% % K
Y
Anaerobic Digester
HRT 24 days
Temperature 35C 9SF
VS Destruction 50.0% %
COD Destnuction 50.0% %
FOG Destruction 50.0% %
Org-N Destruction 50.0% %
{memal TS concentration (Product) 45% % 45,000 mg/t
Gas Production 0.4 LCH/gCOD,., (Jenny Yoo)
Hea of Combustion of Methane 22,773 Bru/ib CH4
Specific Volume of Mcthanc 24.2 cffib CH4
Energy Constant 2546 Btwhrihp
Digester Volume 2,000,000 gallons
Centrifuge
Cake Solids Concentration 30.0% % 300,000 mg/t
Canure Efficiencv 95.0% %
Poivmer Addition | 20 Ivdryton |
Polymer Concentration 0.26% % 2,560 mgt

Geology

Prepared by Jeff Guild

Last Printed: 2/20/01
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Noram Confidential

Last Printed: 2/20/01

Ground Temperature 10C SOF
Overall Transfer CoefT. (Shaft to Dirt) 0.34 Bluhr°F1£
Overall Transfer CoefT. (Head Tank to Air) N/A BluhrlF48
Ambient Air
Air Temperature 15C 9F
Equipment Sizing (Average Annual)
Reactor(s)
THS Flowrate 418 gpm 601,300 gpd
Dilution Water 0 gpm 0 gpd
Total Liquid Flow to Reactor(s) 418 gpm 601,300 gpd = (] :
Active Volume Required 321,529 & ‘
Shaft :
Depth 350 ft . .
Diameter 148 in 123 f
Volume 41,802 1 Fﬂr H,"
Time Requirement at Reactor Temperature 287 min 48 hr " y
Soak Zone Volume Required 3,205 &
Soak Zone Depth 268 R N
Soak Zone Safety Factor 11 ' :
Actual Soak Zone Depth for Design 295 ft
Actual Soak Zone Volume - 3525 f
Time in Soak Zone 36 min 53 hr
Head Tank
Sidewater Depth 123 ft
Width 247 &
Leneth 740 R
Head Tank Surface Area 1,825 i Total.VerTad Digester Volume: . .
Active Volume 22,503 & 2,405,199 gallons:.\. -+
Total Active Volume per Reactor 64,306 f*
-/ Goal Seek
Number of Reactors Required 5.00 Set cell to an even number, Solve for shaft diameter
cell above (repeat for desired shaft diameter)
Compressor(s) ' '
Percentage of Energy Recoverable from Compressor 20%
TS Loading on the Shaft(s) 313,348 Ib/day 5927 kg/hr
Total VS Destroyed 99,018 Ib/day 1873 kg/hr
Total Oxygen Requirement . 138,625 Ib/day 1,669,223 f/day
OTE 50%
Total Aeration Requirement 15.897,361 A/day 1,195,482 Ib/day Available energy with 20% recovery:
Total Aeration Rate 11,040 scfm 3067 hp 2287 kW 1,561,339 Btu/hr.
Total Aeration Rate per Shaft 2208 scfm
Comp d Air Temperature . 32C 9% F "1.22086 kWhi/kg VS destroyed *
Voidage Check .0.38579 kWhrkg TS in
Voidage 0.63753 f° per scfim of aeration (at 14 scfim)
Total Voidage in the Bioreactor(s) plus Head Tank(s) 4250 & ~ 1.3% of the active volume
Shaft Cross-sectional Area 119.4 &
Riser Cross-sectional Area 89.6 &
Downocomer Cross-sectional Area 299 &
Riser Liquid Velocity 2.5 fi/s .
Bubble Rise Velocity 1.0 f/s
Bulk Riser Velocity 35 fis
Riser Flowrate 18811 f*min
Aeration at Top of Bioreactor 1,808 scfm
Voidage at the Top of a Bioreactor 9.6% % (Stay below 14%)
Voidage at the Top of a Bioreactor 18.5 scfm/f®  (Stay below 4asclm/r)
Biofilter(s)
Total Aeration Rate to Shaft(s) 11,040 scfm
Biofilter Loading Rate 11.0 m*hr-m? 0.601 f/min
Total Biofilter Surface Area Required 18,354 R
Biofilter Surface Area per Shaft 3,671 fF
Length of Biofilter 740 ft
Width of Biofilter 496 R
Depth under Media 1R
Media Depth 9 ft
Standpipe Depth over Media 3f
Active Volume per Biofilter (w/media) T gt

Prepared by Jeff Guild
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Noram Coofidential

Biofilter Porosity
Active Liquid Volume per Biofilter

Total Volume of Biofilter(s)
Total Condensation in the Biofilter(s)
Condensation per Biofilter

SAFT(s)
Total Off-Gas Flowrate
Total Product Flowrate
Product Concentration
Toal Sulfunic Flowrate
Total Liquid Flow to SAFT(s)’
TS Loading to the SAFT(s)
Surface Arca Required
Number of SAFTs Required
Surface Area Required per SAFT
Width
Length .
Sidewater Deoth
Free-board
Active Volume per SAFT

~ Total Volume of SAFT(s)
HRT of SAFT(s)

Product Storage Tank (SAFT Float Solids)

Totat Liquid Flow to SAFT(s)

TS Loading to the SAFT(s)

TS Subnatant Retumn from SAFT(s)
Thickened Solids (TS) from SAFT(s)
Thickened Solids from SAFI{(s)

Volatile Solids from SAFT(s)

Total Subnatant Retum from SAFT(s)
Submatant Return Solids Concentration
Underflow Subnatant Retum trom SAFT(s)
HRT of Storage Tank(s)

Total Active Storage Tank Volume Required
Tank Height

Free-board

Madmum Sidewater Depth

Total Surface Area of Storage Tank(s)
Number of Storage Tanks Required

Width of Storage Tank(s)

Length of Storage Tank(s)

Centrifuge(s)
Total Solids from VerTad
Total Solids from VerTad
Polymer Addition
Made-down Polymer Flowrate
Polymer Flowrate
Total Flow to Centrifuge(s)
Concentration of Flow to Centrifuge(s)
Total Mass Loading on Centrifuge(s)
Total Centrate Sotids
Total Cake Solids
Total Wet Cake Solids

Total Cake Flow to Trucks
Cake Solids Concentration
Total Centrate Flow to Plant
Centrate Solids Concentration
Operating units at annual avg loading
OTHER
Ceantrate Surge Tank Size
Retention Time Required
Centrate Flowrate
Total Volume Required
Number of Tanks

Prepared by Jeff Guild

40% %
19,088 i’

238,605 f

12.49 gpm
2.50 gpm

2.70 gpm
415 gpm
3.4% %
0.16 gpm
A5 gpm
214330 Ivday
1961 R
5
992 #°
182 f
56 ft
120 fi
10 ft
itvo7 f

64.497 &
19 hrs

415 gpm
214,330 Ib/day
10.717 {t/day
203,614 Ib/day
170 gpm
141,101 {bvday
245 gpm
3,636 mgft
15% %
4 hrs
sad1 &
110 f
1.0 f
10.0 ft
s A
1
18 ft
299 #

203614 IVday
170 gpm
20.0 IVdry ton
o6 gpm
.03 Ib/day
236 gpm
72,629 mg/l
205,650 Ib/day
10,282 Ib/day
195.367 ib/day
651,224 Wet Ib/day

Last Printed: 2/20/01

NORAN Gonfidential
For ing Gounty Use Only

3881 gpd
597,418 gpd
44,068 my/l
235 gpd 1.7? ton/day
§97,653 gpd
8.930 Ib/mr
Ratio of Volatile to Total Solids in VerTad
6.2%| 313348 Iday TSin
{Stay helow 2861 1.3%] 65803.08 1b/day FSin
4.9%] 2475449 Iday VSin
0.79 VS/TSin
3.0°6¢ 118527 Ib/day VSout
4.3%f 214330 ib/day TSout
1.3%} 65803.08 ib/day FSout
0.692982 VS/TSout
597653 gpd
R,930 vhr
447 Ib/hr
8,484 1b/hr
244.203 ypd
5,879 Ibmr
353,450 gpd
0.36% %

(Set by standpipe height in the subnatant trough)

8,484 Itvhr
244,203 gpd

95.392 gpd
]S Ibshr
339,595 gpd
13% %
8.569 Ib/hr
428 b/hr
98 ton/day
326 Wet ton/day

542 gpm 78.104 gpd
. 300,000 mg/) 30% %
182 gpm 261.490 gpd
4,716 mg/ 0.47% %
34
10 min
182 gpm 261,490 gpd
243 1 1,816 gallons
2
Afinal - STPOI0G0Trev; SP3 Page 3



Noram Confidential

Volume Required per Tank
Tank Height
Tank Diameter

Sulfuric Acid Tank Size
# of Days of Sulfuric Acid Supply Required
Total Sulfunic Flowrate
Total Voluine Required
Tank Height
Tank Diameter

Influent Preheat Heat Exchanger
" Heat Recovery per Shaft
Heat Transfer Coefficient
Sludge to Siudge Temperature Approach
Hot Product Supply
Cool Influent Sludge
Tempered Product Retum
Preheated Sludge to Shaft
L.og Mean Differential Temperature
# of Heat Exchangers
Surface Area for each Heat Exchanger
Flowrate of product sludge through exchanger

Shaft Internal Recycle Heat Exchanger
Cooling Requirement per Shaft
Heat Transfer Coefficient
Sludge to Water Temperature Approach
Sludge Supply
Cooling Water Supply
l Sludge Retum
Cooling Water Retum
Log Mean Differential Temperature
# of Heat Exchangers
I Surface Area for each Heat Exchanger
Flowrate of reactor sludge through exchanger
Flowrate of water through exchanger

Biofilter Heat Exchanger
Cooling Requirement per Biofilter
Biofilter Temperature
Heat Transfer Coefficient
Water to Water Temperature Approach
Biofilter Supply
Cooling Water Supply
Biofilter Retum
Cooling Water Return
Differential Temperature
Surface Area for each Heat Exchanger
# of Heat Exchangers
Flowrate of biofilter liquor through exchanger
Flowrate of water through exchanger
Tumover time in the biofilter

Energy Recovery and Generation
Total Heat Recovery from VerTad System
Heat Generation from VerTad Interhal Recycle
Heat Removal from Biofilter
Heat used to Preheat Sludge to VerTad
Heat available from the Compressors

Prepared by Jeff Guild

121 f
s f
a4

7 days
0.16 gpm
220 R

10 ft
53R

1,683,815 Brhr
75 Brwhr-F-f*
0C
60.0 C
150 C
375C
37sC
25C
5
554 fF
3 gpm

4,072,531 Btu/hr
75 Btwhr-"F-f*
5C,
60.0 C
100 C
45.0 C
500 C
200 C
b
1510 f°
226 gpm
113 gpm

1,344,933 Btu/hr
30C
75 Btwhr°F-f
0C
300 C
100 C
200 C
200C
100 C
995 &
5
149 gpm
149 gpm
957 min

35,506.373 Btuw'hr

Last Printed: 2/20/01

908 gallons

235 gpd
1,644 galions

NORAN Gonfidential
5 ot King Caunty Use Only

995 F
935 F

140 F
50 F

.13 F

122 F
36 F

86 F
50 F
68 F
68 F
I8 F

6.0 hrs

20,362,643 Btuhr (As 122°F cooling water retumn)

6,724,659 Btwhr
8,419,071 Bru/hr
1,561,339 Btw/hr

1final - STPO1(30rov; SP3
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VERTAD Evaluation

Table 4- : Energy Cost Analysis - Digester Gas and Hot Water

Heating value of gas BTU/cft 600
Net value of digester gas $/therm 3 Q.07
Net value of hot water $/therm $ 0.02
Average boiler efficiency percent 70%
Alternative 2 Alternative 3 Alternative 6 Alt SP1 Alt SP2 Alt SP3
Average Annual Values Units Digester 5 TPAD TPAD+Class A 4day/20D 1.4day/3D | 4 day VERTAD
Number of Anaerobic Digesters 5 4 4 2 3 0

Digester Gas Production cft/day 1,302,092 1,497,982 1,497,982 543,897 1,053,016 0
Heating Value @ 600 BTU/cft |BTU/day 781,255,320 | 898,789,320 | 898,789,320 | 326,338,411 | 631,809,470 -
Heating Value Therms/yr 2,851,582 3,280,581 3,280,581 1,191,135 2,306,105 -
Heat Required for Digestion BTU/hr 0 12,080,252 12,480,252 6,363,914 6,654,013 0
Hot water from VERTAD B8TU/hr - - - (21,809,899) (7.251,621)] (23,359,456)
Total Heat Required BTU/hr - 12,080,252 | 12,480,252 | (15,445,985) (597,608)] (23,359,456)
Excess Heat Available BTU/hr - 15,445,985 597,608 23,359,456

Therms/yr - 1,353,068 52,350 2,046,288
Gas Demand BTU/hr - 17,257,502 17,828,931 - - -
Gas Demand Therms/yr - 1,511,757 1,561,814 - - -
Excess Gas Available for Sale [ Therms/yr 2,851,582 1,768,824 1,718,767 1,191,135 2,306,105 -
Annual Revenue from Gas Sold |$/yr $ 199611 |% 123818 |$ 1203149 83379 % 161,427 % -
Annual value of excess hot water] $/yr 3 - $ - $ - $ 27,061 | $ 1,047 | § 40,926

- Anaerobic Digester Heat Demand is generated by the heat extractors and accounted for as part of electrical demand
tfinal - STPO10301rev;. Gas 1 2/20/01



VERTAD Evaluation

Table 4- : CHEMICAL COST ANALYSIS

Alternative 2 Alternative 3 Alternative 6 " Alt SP1 Alt SP2 Alt SP3
Digester 5 Thermo-meso Class A 4day/2D | 1.4day/3D |4day VERTAD
Process Area 4 Centrifuges | 4 Centrifuges 4 Centrifuges | 4 Centrifuges | 4 Centrifuges | 4 Centrifuges
VERTAD flotation 0 0 0l $ 40,521 |$ 40662 |% 42966
Centrifuge Dewatering $ 1,136,043 998,257 998,257 {$ 678237 |$ 737817 |% 880,093
Fotal annual cost $ 1,136,043 | § 098,057 | & 998,057 |9 718,758 |5 7784795 923.058
Polymer usage for centrifuge is 25% greater than BFPs Polymer dose
Acid Cost is $ 100.00 /ton Ib/dt
Polymer cost is $ 1.80 /Ib polymer
anaerobic $ 62.50 /dt of biosolids 35
Vertad-anaer. $ 45.00 /dt of biosolids 25
Vertad $ 36.00 /dt of biosolids 20
1final - STP010301rev; chemicals 1 2/20/01



Table 4: Operation and Maintenance Costs - Equipment Maintenance

Equip Annust Annual Operating Equipment Annual Maintenance Cost
Equipment Name Purchese  Malnten.  Malnten.  AR2 A3 A6 AR SP1 At 8P2 AR SP3 AR2 A Ale A SPY AR 6P2 AR EP3
Cost percent Cost Olp3 Thermo-meso ClassA 4d/20lp 14d4/30ig 4day VERT| Digester 5 Thermo-meso  Class A 4d/2Dlg 1443 Oig 4 day VERT
Blanding Tenk Equipment (%) Syt No. No. No. No. No. No. syt [ SN [ SNt $iyt
Blending tank circ purmp 35,000 5% 1,750 2 1 1 1 1 1 3,500 1,750 1,750 1,750 1,750 1.750
Digester faed pump 25,000  10% 2,500 s 2 2 2 3 0 12,500 5,000 5.000 5,000 1,500 .
Digester witharawal pumps 25,000  10% 2500 8 6 7 2 3 ° 15,000 15,000 17,500 5.000 7.500 .
Digester Equipment
Digestar mixing compresso{ 87,000 5% 4,350 ] 4 4 2 3 0 21,750 17,400 17.400 8,700 13,050 .
Grinders 15,000 0% 1500 10 9 ) ‘ [ 0 15,000 13,500 13,500 8,000 0.000 .
clrc shudge purmp 1 20,000 5% 1,000 s 3 3 2 3 [} 5,000 3,000 3,000 2,000 3.000 -
Clrc sudge pump 2 (hex) 20,000 5% 1,000 H 6 4] 2 3 [} 5,000 6,000 8,000 2,000 3,000 .
Heating System Equipment
Heat extractors 350,000 5% 17,500 2 0 0 0 0 0 35,000 . . . . .
HWRS pump 20,000 5% 1,000 ¢ 7 7 2 2 0 4,000 7,000 7,000 2,000 2,000 .
Bollers 80,000  10% 8,000 ° 2 2 [} [ [} . 12,000 12,000 - . -
Hest exchangers 30,000 % 900 3 4 2.700 3.800
Hold Tank Equipment
Grinder 15,000 10% 1,500 o 0 1 0 0 0, . . 1,500 . . -
Circ sludge pump (hey 25,000 5% 1,250 [ 0 1 0 [ 0 . . 1,250 . . .
HWRS pump 20,000 5% 1,000 [} 0 1 [} 0 0 - - 1,000 - . -
Tank Withdrawal Pum| 25,000 10% 2,500 [ 0 3 [} [} [ - - 7.500 - . -
Automatic Valves 32,000 10% 3,200 [} 0 1 [} 0 [ - [ 3,200 - . -
VERTAD Equipment
Supply pumps 25,000  10% 2,500 [ 0 0 3 2 5 B . - 7,500 5,000 12,500
Anserobdic faed pumps 25000  10% 2,500 ° 0 ° 2 3 0 . - . 5,000 7.500 .
Product Tank Mixers 5000  10% 500 [} 0 [ 1 3 1 . - . 500 1,500 500 .
Compressors - 1040 hp 150,000 5% 7,500 [ 0 0 2 [ 0 . . . 15,000 . -
208 hp 35,000 5% 1.750 0 0 0 ° 2 0 . . . . 3,500 .
841 hp 120,000 5% 6,000 0 0 [ [} [ [ . . . . . 30,000
Boilar pumps 150,000 2% 3,000 0 0 0 3 2 5 . - . 9.000 6,000 15,000
Flotation Tank Equipment
Acld pumps 15,000  10% 1.500 0 0 0 1 1 ' - . . 1,500 1,500 1,500
Subnatant pump 25,000 5% 1,250 0 0 0 2 1 5 - . . 2,500 1,250 8.250
Scraper 20,000 5% 1,000 0 0 0 [ ) ! . - . 6,000 8,000 1,000
Heat Exchangers 25000 10% 2,500 0 [ [} [] 4 15 . . . 22.500 10,000 37,500
(Dl ) . 118,750 83,350 101,200 101,950 91,050 108.000
Dewatering Equipment
Centrituge 500,000 8% 30,000 2 2 2 H 2 ‘ 60,000 80,000 60,000 60,000 60,000 120,000
Centrifuge tsed pump 45000  10% 4,500 2 | 2 | 2 | 2 2| 4 9,000 9.000 9,000 9.000 9.000 18,000
Polymer feed pump 7500  10% 750 H 2 2 2 2 . 1,500 1,500 1.500 1,500 1,500 3,000
Centrldry 1,000,000 5% 50,000 [ 0 0 0 [} 0 . - . - . -
Subtota! (Dewatering) 70,500 70,500 70,500 70.500 70,500 141,000
Tota} Annual Malmtansnce Cost )] $107,250 § 1530850 $171.700 3172.450 $181.550 3 247,000 ]

Table 4- : Operation snd malntenance Costs - Labosr Costs

Table 4: Operation and Maintenance Costs - Labor Costs

Operating Labor for Digestion
Digester Labor {1695) $ 282703

Infiste to 1999 dotars $ 295,776
Divide by 5.5 tanks $ 5777
(Strategy Is that each digester Is a tank, the ST Is o tank, each VERTAD reactor Is 3/4 tank, each fiotation tank IS 1/2 tank and sach Blending tank Is 112 & tank)
(Anrwal Labor Cost At A2 Ard Are At 5P1 AR EPY
No of tanks 55 7 55 75 7.25 175
Annual Labor $ 295776 $ 376442 $295.776 $ 403331 3 380,880 $ 416775
(Operating Lador for Centritugs Dewatering
Estimated Operating Cost per No. of Centrifuges’s 2 2 2 2 2 4
Cantrifuge instaled $ 90,000 Annual Labor $ 160,000 § 180,000 § 180,000 $ 180,000 $ 180,000 $ 380,000

08&M; ifinal - STPO10301rev Page 1
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CAPITAL AND ANNUAL COST ANALYSIS

Capital Cost Estimate

Digestion .
Category { TPAD Class A Alt SP1 Alt SP2 Alt SP3
Site Work 140,000 140,000 606,000 606,000 606,000
Demolition - -
Structures 1,820,000 3,300,000 1,330,000 890,000 1.940,000
Equipment & Mech 2,270,000 3,310,000 1,060,000 720,000 1,400,000
Patent Fee - - - - -
Electrical/ 18C 460,000 660,000 320,000 270,000 390,000
Testing/ Start-up 110,000 120,000 indd inc! inc
NORAM provided equipment and engineenng 6,290,000 3,900,000 8,470,000
Cased Reactors 6,140,000 3,140,000 7,000,000
Subtotal 4,800.000 7.530,000 15,746,000 9,526,000 19,806,000
Contractor indirects, OH¢ 35% 1,680,000 2,635,500 - - -
NORAM estimate 11.6% 1,096,896 652,616 1,314,976
NORAM provided 5% 314,500 195,000 423 500
Subtotal 6,480,000 10,165,500 17,157,396 10,373,616 21,544,476
Contingency 30% 1,944,000 3,049,650 1,545,341 1,089,072 1,982,299
B&C Digester5  20%
Drilling 15% 1,003,554 512,909 1,142,164
NORAM provided 10% ) 685 381 424,702 821,346
Subtotal 8,424,000 13,215,150 20,391,672 12,400,299 25,590,285
Sales tax 8.4% 707,616 1,110,073 1.712.900 1.041.625 2,149,584
Subtotal 9,131,616 14,325,223 22,104,572 13,441,924 27,739,869
Allied Cost (35%) 35% 3,196,066 5,013,828 7,736,600 4.704.673 9,708,954
Less NORAM engineerin 15% 1,160,490 705,701 1,456,343
Total 12,327,682 19,339,051 28,680,682 17,440,896 35,992,480
Dewatering
Category Alt3 Alt6 ANt SP1 Alt SP2 Alt SP3 1
Site Work 20,000 20,000 20,000 20,000 20,000
Demolition
Structures 780,000 780,000 780,000 780,000 1,170,000
Equipment & Mech 2,950,000 2,950,000 2,950,000 2,950,000 4,425,000
Patent Fee
Electrical/ IRC 750,000 750,000 750,000 750,000 1,125,000
Testing/ Start-up 100,000 100,000 100,000 100,000 100,000 0.6725146
Subtotal 4,600,000 . 4,600,000 4,600,000 4,600,000 6,840,000
Contractor Indirects, OH¢ 23% 1,053 400 1,053,400 1,053,400 1,053,400 1,566,360
Subtotal 5,653,400 5,653,400 5,653,460 5,653,400 8,406,360
Contingency 13% 729,289 729,289 729,289 729,289 1,084 420
Subtotal 6,382,689 6,382,689 6,382,689 6,382,689 9,480,780
Sales tax 8.4% 536,146 536,146 536,146 536,146 797,226
Subtotal 6,918,834 6,918,834 6,918,834 6,918,834 10,288,006
Allied Cost (35%) 35% 2,421,592 2,421,592 2,421,692 2,421,592 3,600,802
Total 9,340,426 9,340,426 9,340,426 9,340,426 13,888,808

Total Capital Cost

[ j | A3 AlL6 AlLSP1 Alt SP2 ANSP3 ]
|Grand Total Capital Expenditure [S 21668108 $ 28679477 §$ 38,021,100 $ 26,761,323 S 49,881,288 |

Costs; 1final - STP010301rev
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Annual Costs at Design Year Loading, 2010 (todays dollars)

Digestion
|Category 97 actuals Alt3 Alt 6 Alt SP1 Alt SP2 Alt SP3
|Equipment Maintenance 155,000 $ 83,350 $ 101,200 $ 101,950 $ 91,050 $ 106,000
Operations Labor 146,000 $ 295776 $ 403,331 8 389,886 $ 376,442 $ 416,775
Power
Fixed 185000 $ 280,598 $ 314,257 § 143873 $ 306,364 $ 242,768
Variable $ 122,724 $ 144767 § 659,970 $ 188674 $ 613,621
Chemicals (acid) $ - $ - 3 40,521 $ 40,662 $ 42,966
Hot water avoided cost s - $ - $ (27,061) $ (1,047) S (40,926)
Gas Sale Net Revenue $ {(123,818) $ (120,314) $ (83,379) $ (161,427) $ -
Total Annual [ $ 486,000 $ 658,630 $ 843241 $ 1226760 § 840,717 $ 1,381,204
Dewatering
Category Alt3 Alt6 AR SP1 Alt SP2 Alt SP3
Equipment Maintenance 480000 $ 70,500 $ 70,500 $ 70,500 $ 70,500 $ 141,000
Operations Labor 182000 $ 360,000 $ 360,000 $ 360,000 § 360,000 $ 540,000
Powaer :
Fixed 63000 $ 1787 § 1787 8 1,787 $ 1,787 $ 1,787
Variable s 85291 § 65532 § 57,966 $ 62,107 $ 140,775
Chemicals (polymer) 642000 $ 998,257 $ 998,257 $ 678,237 $ 737,817 $ 880,093
Total Annual ] $ 1373000 $ 1495836 $ 1496077 $ 1168491 § 1232211 $ 1,703,655
| Biosolids Haul and Appli
Category Alt3 Alt6 Alt SP1 Alt SP2 Alt SP3
lEiosolids Haul and Application $ 2,147,291 § 2,147,291 $ 1620172 $ 1762497 $ 3,994,494
Wet Tons 5 63,888 $ 63,888 $ 48205 $ 52,440 $ 78,190
SIWT $ 3361 $ 3361 § 3361 § 3361 § 33.61
Dry Tons 15,972 15,972 14,462 15,732 35,655
$/0T $ 134.44 § 13444 § 112.03 $ 11203 § 112.03
Total Annual Cost { Year 2019, Todays Dollars)
Category A3 A6 ARSPT. Alt SP2 Alt SP3
Total Annual Cost $ 4301757 $ 4486609 $ 4014423 $ 3835425 $ 7,079,353
Annwal Costs expectad to not vary with flow $ 1092011 $ 1251076 $ 1,067,997 $ 1,206,143 $ 1,448330
Annual Costs expected to vary with flow $ 3209746 $ 3235534 $§ 2946426 $§ 2629282 $ 58631023

Annual Costs by Year *

Annual Percentage of

Year Average Flow Year 2010 fiow ] Alt 3 Alt6 Alt SP1 Alt SP2 Alt SP3

2003 94.2 90.6% 4,000,040 4,182,469 3,737,459 3,588,273 6,550,037
2004 95.6 91.9% 4,041,767 4,224,531 3,775,763 3,622,453 6,623,240
2005 97.0 93.3% 4,086,704 4,269,828 3,817,013 3,659,263 6,702,074
2006 98.4 94.6% 4,128,430 4,311,890 3,855,316 3,693,444 6,775,278
2007 99.8 $96.0% 4,173,367 4,357,188 3,896,566 3,730,254 6,854,112
2008 101.2 97.3% 4,215,093 4,399,250 3,934,870 3,764,435 6,927,315
2009 102.6 98.7% 4,260,030 4,444,547 3,976,120 3,801,245 7,006,149
2010 104.0 100.0% . 4,301,757 4,486,609 4,014,423 3,835,425 7,079,353
2011 95.0 92.2% 4,051,396 4,234 237 3,784,602 3,630,341 6,640,133
2012 97.0 93.1% 4,080,284 - 4,263,357 3,811,120 3,654,005 6,680,812
2013 99.0 93.9% 4,105,962 4,289,241 3,834,691 3,675,039 6,735,860
2014 101.0 94.8% 4,134,850 4,318,361 3,861,209 3,698,703 6,786,540
2015 102.5 95.7% 4,163,737 4,347,481 3,887,727 3,722,366 6,837,219
2016 104.0 96.5% 4,189,415 4,373,365 3,911,298 3,743,400 6,882,267
2017 105.5 97.4% 4,218,303 4,402,485 3,937,816 3,767,064 6,932,946
2018 107.0 98.3% 4,247,191 4,431,605 3,964,334 3,790,728 . 6,983,625
2019 108.5 99.1% 4,272,869 4,457,489 3,987,905 3,811,762 7,028,674

* Annual cost for each year is calculated as the sum of the portion of the annual cost not expected to vary with flow
and the prorated annual cost expected to vary with flow.

Avoided Costs.

Alt3 Alt 6 Alt SP1 Alt SP2 At SP3
Digester
Year in which a new digester is requ 2024 2024 2040 . 2030 2050
Years away 25 25 41 31 51
inflated cost $. 22103517 $ 22,103,517 $ 35469656 $ 26,392,755 $ 47,668,251
PresentWorth $§ 5150089 $ 5150089 $ 3253243 § 4335138 $ 2441350
Off-set Capital Cost - $ (1,146,353) $ (1,146,353) $ (3,043,199) $ (1,961,305) $ (3,855,092)

Capital cost of a digester in 1999 dollars
Capital cost for 2 beit filter presses including
Bldg expansion 1989 dollars

Costs; 1final - STP010301rev
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VERTAD Evaluation

Table 4- : PRESENT WORTH COST ANALYSIS -Life Cycle Costs

] Alt 2 Alt 3 Alt 6 Alt SP1 Alt SP2 Alt SP3
nflated Annual Costs inflation
Year years
2003 4 $ 4757083 $ 4,502,081 $ 4,707,406 $ 4,206,543 $ 4,038633 $ 7,372,124
2004 5 $ 4952380 $ 4685516 $ 4897389 $ 4377144 $ 4199416 $ 7,678,150
2005 6 $ 5169279 $ 4879,738 $ 5,098,398 $ 4,557,713 $ 4,369,352 $ 8,002,627
2006 7 $ 5369844 $ 5077448 $ 5303,081 $ 4741553 3 4542470 $ 8,332,737
2007 8 $ 5592819 $ 5286696 $ 5519555 $ 4,936,053 $ 4,725374 $ 8,682,584
2008 9 $ 5819,788 $ 5499741 $ 5,740,023 $ 5134112 $ 4911733 $ 9,038,575
2009 10 $ 6,060,030 $ 5725124 3$ 5973,100 $ 5343572 $ 5108555 $ 9,415679
2010 11 $ 6304619 $ 5954637 $ 6,210,516 3 5556800 $ 5,309,126 $ 9,799,480
2011 12 $ 6,105,727 $ 5,776,322 $ 6,037,010 $ 5395937 $ 5175999 $ 9,467,242
2012 13 $ 6,335014 $ 50992035 $ 6260884 $ 5596,758 $ 5,366,029 $ 9,825,683
2013 14 $ 6567286 $ 6210636 $ 6487863 $ 5800314 $ 5558,826 $ 10,188,593
2014 15 $ 6813230 $ 6441961 $ 6,727,866 $ 6015638 $ 5762458 $ 10,573,208
2015 16 $ 7,068,019 $ 6681576 $ 6976431 $ 6238660 $ 5973,305 $ 10,971,729
2016 17 $ 7,326,196 $ 6,924465 $ 7,228507 $ 6464780 $ 6,187,271 $ 11,375,339
2017 18 § 7599443 $ 7,181,379 $ 7494936 $ 6,703,868 $ 6,413,174 $ 11802877
2018 19 $ 7882491 $ 7447475 $ 7,770846 $ 6951483 $ 6647064 $ 12,245,829
2019 20 $ 8,169,381 $ 7,717,276 $ 8,050,721 $ 7,202601 $ 6884466 $ 12,694,566
PW Annual Costs $50,382,959 $47,632,491 $49,739,987 $44477,372 $42584674 $ 78,199,590
PW Capital Costs $17,947,883 $21668,108 $28,679,477 $38,021,108 $26,781,323 $ 49,881,288
Subtotal $68,330,842 $69,300,599 $78419464 $82498481 $69,375996 $ 128,080,877
PW of Avoided Capital Costy $ (1,961,305) $ (1,146,353) $ (1,146,353) $ (3,043,199) $ (1,961,305) $ (3,855,092)
Total Present Worth $66,370,000 $68,154,000 $77,273,000 $ 79455000 $67,415000 $ 124,226,000

1final - STP010301rev; PWcost
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COLOR CODING LEGEND: |
CONSTANTS

INPUTS, VARIABLES
RESULTS, CALCULATED CELLS
CGOAL SEEK VALUE

Design Criteria

West Treatment Plant (Dual, 40%, 4 days)

* Influent Specifications Flow Flow Ts TS vs vs
(for year ??) wm wpd myft Ibs/day myl Ibs/day
Thickened Solids

Average Annual 333 479.738 55,000 220,000 44,000 176,000
Variables
Influent .
Percentage of Total Solids to VERTAD 100.0% %
Diluted THS Concentration 5.5% % 55,000 mg
THS Temoerature { 15 C 59F
Dilution Water Temoerature i 10C | 50 F
Volatile Percentage of Total Solids 80.0% %
Reactor(s)
HRT 4 days
Temperature 60 C 140 F
Oxygen Transfer Efficiency 50.0% % 1
Oxygen Requirement 1.4 1bs O/1b VS Destroyed
VS Destruction 40.0% % 1
COD Destruction 50.0% %
FOG Destruction 90.0% %
Ore-N Destruction 45.0% %
Heat Generation | . 9000 Buvib VS Destroved -]
Biofilter Loadng 1.0 nt/hrm®
Biofilter Temperature JC 86 F
Biofilter Off-gas Temperature 0C 36 F
Product Constitueats
Ammonia (NH;) 1000 rig 3977 ibvday
Ammonium Bicarbonate (NH, HCO;) 4,647 mg
% Bicarbonate Release to Float to this %%tage 25.0% %
Product Flow per VerTad 81 ypra
VerTad Intemal Solids Concentration 38% % 38411 mN .
Flotation Thickener
Float Solids Concentration 7.0% % 69.545 myn
Capture Efficiency 95.0% %
Surface Solids Loading 1.8 /& 432 Ivtd
93% Sulfuric Acid Addition 721 g 0.0004 gat H,SO,/gat Product
Polymer Split to Flotation Thickeners 0.0% %
Anaerobic Digester
HRT 24 days
Temperature sC 95 F
VS Destruction 50.0% %
COD Destruction 50.0% %
FOG Destruction 50.0% %
Org-N Destruction 50.0% %
Internai TS concentration (Product) 45% % 45000 m
Gas Production 0.54 LCH/gCOD,, (Jermy Yoo)
Heat of Combustion of Methane 22,773 Buvlb CH4
Specific Volume of Methane 242 cfb CH4
Enerygy Constant 2546 Btu/hotp
Digester Volume 2,000,000 gailons
Centrifuge
Cake Sotlids Concentration 30.0% % 300.000 mg
Caoture Efficiency 95.0% % .
Polvmer Addition | 20 Widry on |
Polymer Concentration 0.26% % 2,560 mgt
Geology .
Ground Temperature 10C S0 F
Overall Transfer Coeff. (Shaft to Dirt) 0.34 Br-Fff
Overall Transfer Coeff. (Head Tank to Air) N/A ButeF.f
Ambient Air .
Air Temperature 15 C 9F

Equipment Sizing (Average Annual)
Reactor(s)
THS Flowrate

Prepared by Jeff Guild

333 gpm 479,738 gpd

9-27-00 West Plant; WP1

cop

mgh .

80,756

cop
Ibs/day

323,024

FOG
myfkg

24,735

Last Printed: 2/21/01

FOG NH,
Tosiday mg
98.965 681
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Dilution Water
Total Liquid Flow to Reactor(s)
Active Volume Required

Shaft
Depth
Diameter
Volume
Tume Requirement at Reactor Temperature
Soak Zone Volume Required
Soak Zone Depth
Soak Zone Safety Factor
Actual Soak Zone Depth for Design
Actual Soak Zone Volume
Time in Soak-Zone

Head Tank
Sidewater Depth
Width
Lenuth
Head Tank Surface Area
Active Volume

Total Active Volume per Reactor

Number ot Reactors Required

Compressor(s)
Percentage of Energy Recoverable from Compressor
TS Loading on the Shafi(s)
Total VS Destroyed
Total Oxygen Requirement
OTE
Total Acration Requrement
Total Aeration Rate
Total Aeraton Rate oer Shaft
Compressed Air Temperature
Voidase Check
Voidage .
Towl Voudage in the Bioreactor(s) pius Head Tank(s)
Shaft Cross-sectional Area
Riser Cross-sectional Area
Downcomer Cross-sectional Area
Ruser Liquid Velocity
Bubbie Rise Velocity '
Bulk Riser Velocity
Riser Flowrate
Aeration at Top of Bioreactor
Voudage at the Top of a Bioreactor
Voidage at the Top of a Bioreactor

Biofilter(s)
Total Acration Rate to Shaft(s)
Brofilter Loading Rate
Total Biofilter Surface Area Required
Briofilter Surface Asea per Shaft
Length of Biofilter
Width of Biofilter
Depth under Media
Media Depth
Standpipe Depth over Media
Active Volume per Biofiter (w/media)
Biofilter Porosity
Active Liqusd Volume per Biofilter

Total Volume of Biofiker(s)
Total Condensation i the Brofilter(s)
Condensation per Biofilter

SAFT(s)
Total Off-Gas Flowrate
Total Product Flowrate
Product Concentration
Total Sulfunc Flowrate
Total Liquid Flow 10 SAFT(s)
TS Loadmg to the SAFT(s)
Surface Area Required
Number of SAFTs Reauired
Surface Area Regquaed per SAFT
Width
Lenath
Sidewater Deonth

Prepared by Jeff Guild

West Treatment Plant (Dual, 46%, 4 days)

UV gpm
333 gpm
256527

3501
148 in ~
41703 &
287 min
3.196 &
688
1.1
2958
s 2
316 oun

1238
2468
398
1820 &
4 ¥
64125 €

.00 J

20%
220,000 Itvdsy
70400 IAdey
98560 Ib/day
50%
11.302.738 ®/day
7,849 scfn
1962 schn
nc

[EB 3

43

- forkin

1918952 gallons

ITo\al VaTad Digesiar Vodume:

Coal Seek

Last Printed: 2/21/01

= NORAM Gunfidential
Couny Use nly

Set cell to an even number, Solve for shalt diameter
cell above (repeat lor desired shalt diamctery

1.186.788 R'/day

$49.966 Ibiday

2180 hp

20 F

0.63783 2" por schn of acration (2t 14 schn)
1.4% of the active volume

3718 &
9.2 &
$9.4 &2
9.8 &
25 &
1.0 812
35 eA
13.766 QAmin
1507 scn
3.6% %
16.5 scfvt?

7.849 scfm

11.0 v’

13050 &*
3262 &
IR
Py
1A

98

3e
42407 ¥
40% %
16.963 ©

169.614 &
8.7 gom
2.19 pm

1.89 gom
331 gpm
318% %
0.i) gpom
33t gm
149.600 Ivday
1363 &

366 &
1708
o8
120 8

{Stey betowe (4%%)
(Stav below J0scfmtt’)

0.601 &/min

2772 gpd
477,016 gpd
38441 agN
187 gpd
477204 g
6233 1o

(Stay below 2001)

9-27-00 West Plant; WP1

5.3%
1. 1%
4.4%)

4162 kgt
1332 kgw

1626 sW

Available cocrgy with 20% recovery:
1,110.083. Btutw

1:220859 " kWhr/kg VS destroyed:
0390675 kWhr/kg TS~ °

|

143 wn/day

Rato of Volatik o Totl Solids in VerTed '

220.000 (b/dsy TSin
24000 IAday FSin ‘
176000 Ib/day VSin

0.8 VS/TSin

Page 2



Free-board
Active Volume per SAFT

Total Volume of SAFT(s}
HRT of SAFT(s)

Product Storage Tank (SAFT Float Solids)
Total Liquid Flow to SAFT(s)
TS Loading to the SAFT(s)
TS Subnatant Return from SAFT(s)
Thickened Solids (TS) from SAFT(s)
Thickened Solids from SAFT(s)’
Volatile Solids from SAFT(s)
Total Subnatant Returmn from SAFT(s)
Subnatant Return Solids Concentration
Underflow Subnatant Return from SAFT(s)
HRT of Storage Tank(s)
Total Active Storage Tank Volume Required
Tank Height ’
Free-board
Maxmmum Sidewater Depth
Total Surface Area of Storage Tank(s)
Number of Storage Tanks Required
Width of Storage Tank(s)
Length of Storage Tank(s)

Anaerobic Digester(s)
Total Liqusd Flow to Digester(s)
Total TS Loadng to the Digester(s)
Total VS Loading to the Digester(s)
Number of Digesters Required

Liquid Flow per Digester

TS Loading per Digester

VS Loading per Digester

Infh Solids C *

Desired Internal Solids Concentration
Desired Digester HRT

Actual Digester HRT

VS out of the Anaerobic Digester
TS out of the Anaerobic Digester
Liquid Flow per Digester

Product Solids Concentration

Total Digester Volume Requirement
Active Volume oer Digester

Total Methane Production
Total Methane Production
Total Combined VS Destruction

West Treatment Plant (Dual, 40%, 4 days)

1o R
10388 &

45019 &
17 hrs

331 g
149,600 Ib/day
7480 Ibiday
142,120 Iiday
(70 gpm
100.320 ibiday
161 gpm
3.865 meh
15% %
4 s
5461 B
1.0
1.0 8
100 8
546 R?
1
178
3200

170 gpn

142,120 ibvday

100,320 b/day
3

57 gpm
47,373 Ib/day
33.440 (b/day

7.0% %
4.5% %
24.0 days
24.5 days

16,720 Ibiday
30.653 Ib/day
57 gpen
45 Y%
5,882,227 gallons
1,960,742 galloms

19.798.141 Uday CH4
699,169 cOday CHé
123,200 BVS destiday

Total Methane Production 5.7 cfCH4/b VS dest

Heat Available from Methane 657,926,458 Buvday

Heat Availabie from Methane 27.413,602 Buvhr

Methane oer Anaerobic Dicester 6,599,330 L/day CH4
1 Overall Combined VS Destruction 70.0%)

TS Loading from the Anaerobic Digester 91,960 Ib/iday
Anaerobic Product Storage Tank

Total Liquid Flow to Tank . 170 gpm

Anaerobic Product Solids Concentration 1.5% %

HRT of Storage Tank(s) 4 tus

Total Active Storage Tank Volume Required sa61 P N

Tank Height 1.0 &

Free-board 108

Maximum Sidewater Depth 100 8

Total Surface Area of Storage Tank(s) sa6 &

Number of Storage Tanks Required 1

Width of Storage Tank(s) 178

Length of Storage Tank(s) 218
Centrifuge(s)

Total Solids from Anaerobic Digester(s) 91,960 Ib/day

Total Solids from Anaerobic Digester(s) 170 gpm

Potymer Addition 20.0 Itvdry ton

Made-down Polymer Flowrate 30 gpm

Polymer Flowrate 920 Ivday

Total Flow ta Centrifuge(s) 200 gpm

Concentration of Flow to Centrifuge(s) 38,655 mgfl

Total Mass Loading on Centrifuge(s) 92,880 lb/day

Total Centrate Solids 4.6+ ib/day

Prepared by Jeff Guild

9-27-00 West Plant; WP1

477,204 gpd
6,233 I
312 lvhr
5,922 Ib/hr
245,093 gpd
4.180 Ibar
232,111 god
0.39% %

245,093 god
5922 /e
3,180 /e

31,698 gpd
1,974 Ibvhr
1.393 It

69,545 mgh

45,000 mg

697 Ivhe
1277 bt
$1,698 gpd
45,000 mgft

Last Printed: 2/21/01

26%{ 105600 Ivdsy VSout

37%| 149600 Ibvday TSout

1.1% 44000 {b/day FSout
0.7053824 VS/TSout

(Set by standpipe height in the subnatant trough)

NORRH Gonfidential

o Ning oy

Goal Seek

Set cel) equal to vatue in cell £196,

and adjust cell D6t

‘Goal Seek
Set cedl equal to value in cell D56,
and adjust cell D42

c.£ methane from stroight anacrobic:

43,995,869 Liday CHe
1,553,708 cfiday CH4
105,600 1BV destiday.
" 14.7 cfCHMb VS dest -
1162.058.796 Buu/dny
60.919,117- Buvbr- -

3.832 Itvhr

245,093 gpd

1,332 Ivir
245,093 gpd

43,083 gpd
38 v
288,175 gpd
3.9% %
3.870 Iovhr
193 tvhr

Tty Use Only
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West Treatment Plant (Duai, 40%, 4 days) . Last Printed: 2/21/01 l
Total Cake Solids ' ) $8.236 itvdey 44 tonidey
Total Wet Cake Solids 294,119 Wet Ibiday 117 Wet ton/day |
Toui Cake Flow to Trucks 245 pm 35275 pd
Cake Solids Concentration 300,000 ogl %% %
Total Centrate Flow to Plant 176 gom 252,901 gpud
Centrate Solids Concentration 2.202 mg 0.27% % I

OTHER .
Centrate Surge Tank Size

Retention Time Required 10 mn . .
° [
Centrate Flowrate 176 pm 282901
Total Volume Required . 35 ¥ 1726 gallons
Number of Tanks 2 .
¥7% gollons

Volume Required per Tank " &

Tank Heght 38 [ ]

Tank Diameter 38 [ur Kl“u c“u“t u '
Sulfuric Acid Tank Size se " y

# of Days of Sulfuric Acid Supply Required 7 days : ' .

Total Sutfuric Flowrate 0.13 pm 187 wpd

Total Volume Required s B 1312 yallors

Tank Height 0

Tank Diameter . i

lofluent Prebeat Heat Exchanger

Heat Recovery per Shaft 1,680,409 Buuv

Heat Transfer Coefficient 75 Bute-F-t!

Sludge to Studge Temperature Approach 0oC

Hot Product Supply 6o C 140 F
Cool Influent Sludge 150C 9 F
Tempered Product Return 315C 9 F
Preheated Sludge to Shaft ¥is:c 993 F
Log Mean Differential Temperature 28 C 4 F
# of Heat Exchangers 4

Surface Area for cach Heat Exchanger 53 @

Flowrate of product shadge through exchanger 83 gpo

Shaft Internal Recvcle Heat Exchaager

Cooling Requirement per Shaft 3320.87% Buviw

Heat Transfer Coefficient 78 Bowlv-F-#

Sludge to Water Temperature Approach sC

Shudge Supply 600 C 0 F
Cooling Water Supply 100 C S0F
Shudge Return s0C 3 F
Cooling Water Return 0.0 C 122 F
Log Mean Differential Temperature 200 C 36 F
# of Heat Exchangers 4

Surface Area for cach Heat Exchanger 131 ®

Flowrate of reactor sludge through exchanger 188 gpm

Flowrate of water through exchanger 92 gpm

Biofilter Heat Exchanger

Prepared by Jeff Guild

Cooling Requirement per Biofilter 1.180.218 Datw

Biofiter Temperanme 0 C

Heat Transfer Coefficient 75 BaweF-0

Water to Water Temperature Approach 0oC

Biofither Supply ' 300 C $6 F

Cooling Water Supply 100 C S0 F

Biofilter Retumn 200 C 63 F

Cooting Water Return 200 C S F

Differential Temperature 100 C IS F

Surface Area for cach Heat Exchanger &

# of Heat Exchangers 1

Flowrate of biofilter liquor through exchanger 131 gpm

Flowrate of water through exchanger 131 om

Tumover time i the biofilter 969 min 16.2.brs
"Enerzy Recovery aod Generation

Total Heat Recovery from VerTad System 24728503 Bavtr .

Heat Generation from VerTad Intemnal Recycle 13.284 310 Buwvtr (As | 22°F cooling water reusm)

Heat Removal from Biofilter 4,721,348 Buvtr

Heat used to Preheat Sludge to VerTad 6,722,315 Buiw

Heat available from the Compressors 1.110.084 Bosly (A3 185°F cooling water retum)

9-27-00 West Plant; WP1

Page 4



COLOR CODING LEGEND:
CONSTANTS

|INPUTS, VARIABLES
RESULTS, CALCULATED CELLS
GOAL SEEK VALLE

Design Criteria

West Treatment

Plant (Dual, time-temp)

Influent Specifications Flow Flow T8 TS vs vs cop cop FOG
(for year 2?7) gpm gpd mgl Tba/day mg/t Iba/day mg/t Tba/day mg/kg
Thickened Sotids
Average Annual 333 479,738 55,000 220,000 44,000 176,000 80,756 323,024 24,735
Variables
Influent .
Percentage of Total Solids to VERTAD 100.0% %
Diluted THS Concentration 55% % $5.000 mght
THS Temoerature | 15C ], 9F
Dilution Water Temoerature | 10 C ] 50F
Volatile Percentage of Totai Solids 80.0% %
Reactor(s)
HRT 1.5 days
Temperature 60 C 140 ¥
Oxygen Transfer Efficiency 40.0% %
Oxygen Requirement 1.4 1bs O¥1b VS Destroyed
VS Destruction 15% % 1
COD Destruction 20% %
FOG Destruction 90% %
Oru-N Destruction 15% %
Heat Generation { 9000 Bewib VS Destroyed - ]
Biofilter Loading 11.0 m'Mhrem’
Biofilter Temperature »C 86 F
Biofilter Off-yas Temperature 30C 86 F .
Product Constituents
Ammonia (NH;) 1000 mgpt 3990 Ib/day
Ammonium Bicarbonate (NH, HCO,) 4,647 mg/l
% Bicarbonate Release to Float to this Ytage 25.0% %
Product Flow per VerTad 165 gpm
VerTad Intemal Sotids Concentration 49% % 49,177 mg
Flotation Thickener
Float Solids Concentration 73% % 73.232 mgh
Capture Efficiency 95.0% %
Surface Solids Loading 1.8 IR 432 e
93% Sulfuric Acid Addition 721 mg/ 0.0004 gal H2S04/gal Product
Polymer Split to Flotation Thickeners 0.0% %
Anserobic Digester
HRT 24 days
Temperature scC 98 F
VS Destruction SBS% %
COD Destruction S85% %
FOG Destruction 58.5% %
Org-N Destruction £8.5% %
Internal TS concentration (Product) 45% % . . 45.000 mg/
Gas Producoon 0.54 L CHY/g CODrun {Jennry Yoo) 1
Heat of Combustion of Methane 22,773 Bud CHA
Specific Volume of Methane 242 ciAbCH4
Energy Constant 2546 Bruetp
Digester Volume 2,000,000 galions
Centrifage
Cake Solids Concentration 30.0% % 300000 m/l
Caoture Efficiencv 95.0% % .
Polvmer Addition L 20 thvery ton. ]
Polymer Concentration 026% % 2.560 mg!
Geolozy
Ground Temperature 10C S0 F
Overall Transfer CoefF. (Shaft to Dirt) 0.34 Btuhe-F-p? :
Overall Transfer Coeff. (Head Tank to Air) NA Btume-F-n°
Ambient Air
Air Temperature 15¢C oF

Equipment Sizing (Average Annual)
Resactor{s)
"THS Flowrate

Prepared by Jeff Guild

333 ppm

479,758 gpd

9-27-00 West Plant; WP2

FOG

Last Printed: 2/21/01

NH,
Ibs/day mg/l

98.965 681

NORAH Ganfidential
For King Gounty Use
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West Treatment Plant (Dual, time-temp) Last Printed: 2/21/01 I
Dilutvon Water 0 gpo 0 gpd l
Total Liquid Flow to Reactor(s) 333 gpon 479,738 gpd
Active Volume Required 93471 0
Shaft .
Deoth son
Diameter 129 in 108 n [NB: Could use a smgle 15R diameter reactor |
Volume 31.809 n’\ :
Time Require at Reactor T 287 min 4.8 he
Soak Zone Volume Required . 6393 '
Soak Zone Depth 703 0
Soak Zone Safety Factor [N
Actual Soak Zone Depth for Design AR
Actual Soak Zone Volume 1033 1’
Time in Soak Zone 316 mm 35 N
Head Tank > l
Sidewater Depth 108 R
Width RN
Lenath a5 n
Head Tank Surface Area 1389 0 Im.n VerTad Digester Volume: .
Active Volume 14937 699.210 gatlons
Total Active Volume per Reactor 16747 0
/ Coal Seek
Number of Reactors Required 2 Set cell 10 an even number, Solve for shalt diameter
cell above (repeat tor desired shatt diameter)
Compressor(s)
Py of Energy R bie from C 20% l
TS Loading on the Shafi(s) 220,000 Ib/day 1162 kphe
Total VS Destroyed 23,652 Ib/duy 185 kyhr
Total Oxygen Requirement 53912 Itvday 432431 Widay
OTE “«
Total Aeration Requirement 5,147,987 A%y 387029 foiay t\v.auu. enevgy with 20% recovery:
Total Acrarion Rate 3878 scfrm 903 hp AL kw 1503.60) B - I
Total Aeration Rate oer Shaft 1,788 w«clm
Compressed Ar Temperature nc W F 1.526074 kWhr'kg VS destroyed: .
Vaidage Check 0.177938 kWhr/kg TS in - ’ |
Voidage 1.63753 12’ pev sctm f scration (31 14 wcim)
Total Voidage m the Bioreactorts) plus Head Tank(s) nas 0’ 2.3% of the active wlume
Shaft Cross-sectional Arca 009 1’
Ruser Cross-sectionat Area o2 0’
Downcomer Cross-sectional Area 27 l
Riser Liquid Velocity 28w
Bubble Rise Velocity ’ 10 s
Bulk Riser Velocity 3.5 s
Riser Flowrate 14,314 R'7min
Aeration at Top of Bioreactor 1,503 scim - . . I
Voxdage at the Top of a Bioreactor 10.5% % {Stav below 14%e)
Voidage at the Top of a Bioreactor 19.3 scfvit’ iStav belosw dicliny " ﬂ M ﬁ ﬂ " f l B " [ ' a '
Biofilter(s)
Total Aeration Rate to Shafi(s) 3575 sefm .
Biofilter Loading Rate 11.0 o'ra’ 0.601 ffmin
Total Biotilter Surface Area Required . 3944 0t sﬂ " y
Biofilter Surface Area per Shaft 2913 1!
Length of Biofiter 4.5 0 .
Width of Biofilter 610
Depth under Media (]
Media Depth 90
Standpipe Depth over Media sn
Active Volume per Biofilter (Wmedia) 38.643 ¥
Biofikter Porosity 0% %
Active Liquid Volume per Biofitter 1487 0!
Total Volume of Biofilter(s) 17.267
Total Cond w the Biotilter(s) 3.06 yom
Condensation per Biofilter 200 g l
SAFT(s)
Total Off-Gas Flowrate 0.36 gpm 1.291 gpd
Total Product Flowrste 332 gpm T 478497 gpd
Product Concentration LR S 49177 aph
Total Sulfurc Flowrate 0.13 goro 188 gpd 1.43 ton/day l
Total Liquid Flow to SAFT(s)" 132 gom 478,683 gpd :
TS Loading to the SAFT(s) 109,338 Vdey RU9R 1o/
Surface Area Required 1499 1!
Number of SAFTs Regutred 4 Ratio of Volatite to Total Solids in VerTad
Swiface Area Required per SAFT razs 5.5%] 220,000 tidey TSin l
Width . ' 194 ft (Siuy below 200) 11% 44000 Ib/day FSin
Lenath 81 n 4% 176000 {bvdsy VSia
Sidewater Deoth . ' } 100 0 0.8 VS/TSin
Freo-board . 100 3.8%| 150348.29 Nvdsy VSout l
Prepared by Jeff Guild 9-27-00 West Plant, WP2 Page 2 l



West Treatment Plant (Dual, time-temp) Last Printed: 2/21/01

Maximum Sidewater Depth
Total Surface Area of Storage Tank(s)

Active Volume per SAFT 11247 1.9%] 1944829 Ivday TSout
11% 14000 [day FSout

Total Volume of SAFT(s) a9ag7 0.7736023 VETSout
HRT of SAFT(s) 19. ks
Product Storage Tank (SAFT Float Solids)

Total Liquid Flow to SAFT(s) 332 ypm 478,683 gpd

TS Loading to the SAFT(s) 194348 |biday 8,098 Ivhr

TS Subnatant Retum from SAFT(s) 9,717 Ivday 405 b/t

Thickened Solids (TS) from SAFT{(s) 184,631 [bvdny 7.693 ivhr

Thickened Solids from SAFT(s) 210 gpm 302,376 gpd

Volatile Solids from SAFT(s) 142,831 1bvday 5951 Ivir

Total Subnatant Retumn from SAFT(s) 122 ypm 176,309 gpd

Subnatant Retumn Solids Concentration 6,610 mgN 0.66% % )

Underflow Subnatant Retumn from SAFI{(s) 15% % (Set by standpipe height in the subnatant tough)

HRT of Storage Tank(s) 4 hry

Total Active Storage Tank Volume Required 6737 1

Tank Height 100

Free-board o

inon

z NORAN Gonfidential

Prepared by Jeff Guild

9-27-00 West Plant; WP2

Number of Storage Tanks Required
Width of Storage Tank(s)
Length of Storage Tank(s) M8 1N
[}
Anaerobic Digester(s)
Total Liquid Flow to Digester(s) 210 gpm 302376 gpd
Total TS Loading to the Digester(s) 183,631 ltvilsy 7.693 Ivlr
Total VS Loading to the Digester(s) 142831 ibidey 5,951 Ibvbr : .
Nurmnber of Digesters Required 4 !
Liquid Flow per Digester 52 gpm 75594 gpd
TS Loading per Digester 46,159 Ibiday 1,923 ibvhr
VS Loading per Digester 35.708 Iivdyy 1.488 [ohr
Influent Solids Concentration 7.3% % 73.232 mgi
Desired Internal Sofids Concentration 4.5% % 45,000 myh
Desired Digester HRT 24.0 days Gl Seek
Actuai Digester HRT 26.5 days Set cell equal to value in cell £196.
and adjust cefl D6
VS out of the Anaerobic Digester 14819 dey 617 Ivhr
TS out of the Anaerobic Digester 25269 Ibvday 1.053 e
Liquid Flow per Digester . 52 gpm 75,594 gpd Goal Seek
Product Solids Concentration 40% % 40,090 myA Set cell equal to value in celt D36,
Total Digester Volume Requirement 7257029 gailons and adjust cell D42
Active Volume per Digester 1,814,257 gailous
o1, methana from swaight anserobic:
Total Methane Production 37.239.088 Liday CHd 43,993,869 L/day CTI4'
Total Methane Production 1,315,800 cfrday CH4 1,533,708 ciidiy CHe
Total Combined VS Destruction 113,605 1bVS dest/day - 105.600: 1bVS dest/day.
Total Methane Production 11.6 o CHANL VS dest . 147 cf CHA/I VS dest .
Heat Available from Methane 1.238.183,909 Btu/day *. 1,462.058,796 Btu/day
Heat Available from Methane 51,590,996 Bruwhr 60.919.117 Buvhr.
Methane oer Anaerobic Digester 9314,772 Lidey CHS
Overall Combined VS Destruction "64.3%]
TS Loading from the Anacrobic Digester 101,073 Ivdsy 4211 i
Anaerobic Product Storage Tank
Total Liquid Flow to Tank 210 gpm 302,376 gpd
Anaerobic Product Solids Concentration 3.0% %
HRT of Storage Tank(s) 4 brs
Total Active Storage Tank- Volume Required 6737 0
Tank Height 1.0 0
Free-board 01
Maximum Sidewater Depth 100 0
Total Surface Area of Storage Tank(s) 674 1%
Number of Storage Tanks Required 1
Width of Storage Tank(s) 90
Length of Storage Tank(s) M8 0
Centrifuge(s)
Total Solids from Anaerobic Digester(s) 101.075 lb/dsy 4211 v
Total Solids from Anaerobic Digester(s) 210 gpm 302376 gpd
Polymer Addition 20.0 {bidry ton
Made-down Polymer Flowrate 33 gpm 47.333 gpd
Polymer Flowrate ' 1,011 Ibvday 42 Ivhr
Total Flow to Centrifuge(s) 243 gpm 349,729 wpd
Concentration of Flow to Centrifuge(s) 35,009 myi 3.59 %
Total Mass Loading an Centrifuge(s) 102,086 Ib/day 4254 Tvhe
Total Centrate Solids N . S fbiday 213 b
Totai Cake Solids 96,981 lvday 48 tondday
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Total Wet Cake Solids

Total Cake Flow to Trucks
Cake Solids Concentration
Total Centrute Flow to Plant
Centrute Solids Concentration

OTHER

Centrate Surge Tank Sze
Retention Time Required
Centrate Flowrste
Total Volume Required
Number of Tanks
Volume Required per Tank
Tank Heght
Tank Dismeter

Sulfuric Acid Tank Sae
# of Days of Sulfunc Acid Supply Reguired
Total Sulfunc Flowrate
Total Volume Requied
Tank Hegihn
Tank Diameter

{nftuent Prcheat Heat Exchanger
Heat Recovery per Shait
Heat Transfer Coefficient
Studge to Sludge Temperature Approach
Hot Product Supply
Cool Influent Sludge
Tempered Product Retum
Preheated Shudge to Shaft
Log Meen Differential Temperature
# of Heat Exchangers
Surface Area for each Heat Exchanger
Flowrate of product shudge through exchang

Shaft laterual Recyde Heat Exchanger
Cooling Requirement per Shatt
Heat Transfer Coefficient
S!udbe to Water Temperanire Approach
Sludge Supply
Cooling Water Supply
Sludge Retum
Coofing Water Retum
Log Mean Differential Temperature
# of Heat Exchangers
Surface Area for each Hear Exchanger
Flowrme of reactor shedge through exchanger
Flowrate of water through exchanger

Biofilter Heat Exchanger
Cooling Requirement per Biofilter
Biofiker Temperature
Heat Transfer Coefficient
Water to Water Temperature Approach
Biofilter Supply
Cooling Water Supply
Biofilter Retum
Cooling Water Retum
Differential Temperature
Surtace Area for each Heat Exchanger
# of Heat Exchangers
Flowrate of biofilter bquor through exchanger
Flowrate of water through exchanger
Tumover time in the biofikter

Energy Recovery and Generation .
Total Heat Recovery from VerTad System
Heat Generation from VerTad (ntemal Recycle
Heat Removal from Biofilter
Heat used to Preheat Studge to VerTad
Heat avaitable from the C

Prepared by Jeff Guild

323271 Wet INday

26.9 ygpm
300,000 mg/l
216 gpm
1.969 op/l

63 f

w13 gpm
15 W

4’

3372308 Butw
75 Bruhe-F-ft
o
60.0+
150
378
35S

g

0

cocococn

o

=~

1w
106 gxo

78 BrwhnF-n

IS
"
°
aaoacan

7y =

1078959 Bte
»C
7% Arkr-F.n’
oL
on ¢
100 ¢
200 ¢
200 C
100 ¢
08 it
2
19 gpm
19 guo
269 min

8.893.18¢ Ctuty
0 Bty
2150403 Bruts
0.743.178 Biwtr
305603 Unutr

West Treatment Plant (Dual, time-temp)

162 Wet torviny

38771 gpa
0% %

110.958 gt
0.20% %

310,958 gpd
12,159 gallons

2149 gailons

188 gpel
1317 gallons

(B
9
9.3
.S

m Mmoo m

140

IR

122

36

nm MY

nF
o8 ¥
o8 F
I8 F

(As 122°F cooling weter return)

'9-27-00 West Plant; WP2

Last Printed: 2/21/01

NORAM Gonfideatial
For King Gounty Use Daly
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VERTAD Evaluation

Table 4- : Capital Cost Estimate

Digestion
Category Alternative WP1  Alternative WP2
Site Work 50,000 50,000
Demolition
Anaerobic Digestion - -
Structures 1,390,000 930,000
| Equipment & Mech 1,160,000 760,000
Patent Fee - -
Electrical/ 1&C 340,000 270,000
Testing/ Start-up incl incl
NORAM provided equipment and enginwring 7,010,000 4,130,000
Cased Reactors C 6,640,000 3,660,000
Subtotal 16,590,000 9,800,000
Contractor Indirects, OH@P  35% 17,500 17,500
NORAM estimate 11.6% 1,105,480 651,920
NORAM provided 5% 350,500 206,500
Subtotal 18,063,480 10,675,920
Contingency : 30% 1,441,642 943,159
Drilling 10% 722,975 398,713
NORAM provided 5% 381,630 224,957
Subtotal 20,609,727 12,242,749
Sales tax 8.4% 1,731,217 1,028,391
’ Subtotal 22,340,944 13,271,139
Allied Cost (35%) 35% 7,819,331 4,644,899
Less NORAM engineering 15% (1,172,900) (696,735)
Total ‘ 17,219,303

I 9-27-00 West Plant; Costs

28,987,375

2/21/01



